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WCDPRT ACTIVITIES SUMMARY 
The Western Center for Dairy Protein Research and Technology (WCDPRT) was very 
active during the 1995 fiscal year. The activities of the Center are listed below. 
1. Twenty-nine research projects were active during the year including thirteen 
projects in the new low-fat cheese area. 
2. Twelve research projects were completed. 
3. Seventeen research projects will be continued into FY95 
4. The Center Annual Meeting was held on July 13 and 14, 1995, at Newport, Oregon. 
A large group representing both dairy producers, processors and researchers 
attended and provided significant input onto the future direction of the Center. 
5. Two new members were added to the Operational Advisory Committee, Avonmore 
West, Inc., Twin Falls, Idaho, and Tillamook County Creamery Association, 
Tillamook, Oregon . 
6. The Center Technical Advisory Committee met on May 24, 1995, and reviewed 
eleven new research proposals submitted to the Center for funding in FY96. Seven 
of these proposals were recommended to the Operational Advisory Committee. 
This year the TAC was made up of two (2) dairy industry representatives, one (1) 
dairy researcher from Oregon State University, one (1) member of the National 
Dairy Board Staff, the Director and Assistant Director of the Center. 
7. The Center Operational Advisory Committee met on July 14, 1995, and reviewed the 
operation of the Center. The OAC catagorized the research proposals into two 
groups, high and low priority for funding in FY96. 
8. The Center cosponsored two conferences to facilitate technology transfer. They 
were: The Eleventh Biennial Cheese Industry Conference, and The Eleventh Cheese 
Manatgement Short Course, both of which where held at Utah State University; 
9. A meeting to plan and coordinate the research activities for the Low-fat Cheese 
Project was held in Salt Lake City. This project is a collaborative effort with 
researchers at the Wisconsin Center for Dairy Research and the Minnesota-South 
Dakota Dairy Foods Research Center. 
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WESTERN CENTER FOR DAIRY PROTEIN 
RESEARCH AND TECHNOLOGY 
OPERATIONAL ADVISORY COMMITTEE 
Pursuant to the WDFRC proposal and contract with the National Dairy Promotion and 
Research Board, the voting members of the Operational Advisory Committee are: 
Ed Yaghoubian 
National Dairy Promotion and 
Research Board 
2111 Wilson Blvd., Suite 600 
Arlington VA 22201 
(703) 528-4800 
Rodney J. Brown, Dean 
College of Agriculture 
Utah State University 
Logan UT 84322-4800 
(801) 750-2215 
Daniel F. Farkas, Head 
Department of Food Science 
and Technology 
Wiegand Hall 240 
Oregon State University 
Corvallis OR 97331 
(503) 737-3131 
James Moran 
Kraft, Inc. 
Research and Development Div. 
801 Waukegan Road 
Glenview IL 60025 
(312) 998-3717 
Raj G. Narasimmon 
Schreiber Foods, Inc. 
P.O. Box 19010 
Green Bay WI 54305 
(414) 437-7601 
2 
Sheldon Pratt 
Oregon Dairy Products Commission 
10505 S.W. Barbur Blvd. 
Portland OR 97219 
(503) 229-5033 
Donald McMahon, Director, 
Western Center 
Department Nutr. & Food Sciences 
Utah State University 
Logan UT 84322-8700 
(801) 750-2106 
David Noss 
Rural Route 1, Box 638 
Port Royal, P A 17082 
(717) 527-4540 
Kevin Gillies 
Marschall Products 
P.O. Box592 
Madison WI 53701 
(608) 276-3600 
Lawrence Wiser 
Utah Dairy Commission 
2890 W. Center 
Lewiston, UT 84320 
(801) 258-2696 
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OPERATIONAL ADVISORY COMMITTEE 
(Continued) 
Gale Moser 
United Dairymen of Idaho 
1864 South Hulls Crossing 
Preston ID 83263 
(208) 852-0560 
Floyd Bodyfelt 
Dept. of Food Science and Tech 
Oregon State University 
Corvallis, OR 97331-6602 
(503) 737-6520 
Barney Krueger 
Avonmore West, Inc. 
1341 Fillamore 
Twin Falls, ID 83301 
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Ann Sorenson, Head 
Department of Nutr. & Food Sciences 
Utah State University 
Logan UT 84322-8700 
(801) 797-2102 
Thomas C. Jenkinson 
Western Dairy Farmers Promotion Assoc. 
12460 N. Washington 
Thornton, CO 80233-0120 
Ted Whitehead 
Tillamook County Creamery Association 
P.O. Box313 
Tillamook, OR 98414 
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WESTERN CENTER FOR DAIRY PROTEIN 
RESEARCH AND TECHNOLOGY 
PRINCIPAL INVESTIGATORS 
Floyd W. Bodyfelt 
Dept. of Food Science & Technology 
Oregon State University 
Corvallis OR 97331 
Rodney J. Brown 
Dept. of Nutrition & Food Sciences 
Utah State University 
Logan UT 84322-8700 
Donald J. McMahon 
Dept. of Nutrition & Food Sciences 
Utah State University 
Logan UT 84322-8700 
Mark A. Daeschel 
Dept. of Food Science & Technology 
Oregon State University 
Corvallis OR 97331 
Bruce L. Geller 
Dept. of Microbiology 
Oregon State University 
Corvallis OR 97331 
Conly L. Hansen 
Dept. of Nutrition & Food Sciences 
Utah State University 
Logan UT 84322-8700 
Jeff Broadbent 
Dept. of Nutrition & Food Sciences 
Utah State University 
Logan UT 84322-8700 
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Paul A. Savello 
Dept. of Nutrition & Food Sciences 
Utah State University 
Logan UT 84322-8700 
William E. Sandine 
Dept. of Microbiology 
Oregon State University 
Corvallis OR 97331 
Gerald Schelling 
Dept. of Animal & Veterinary Science 
University of Idaho 
Moscow ID 83843 
Lynn V. Ogden 
Dept. of Food Science & Nutrition 
Brigham Young University 
Provo UT 84602 
J. Antonio Torres 
Dept. of Rood Science & Technology 
Oregon State University 
Corvallis OR 97331 
Bart Weimer 
Dept. of Nutrition & Food Sciences 
Utah State University 
Logan UT 84322-8700 
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WESTERN CENTER FOR DAIRY PROTEIN 
RESEARCH AND TECHNOLOGY 
BUDGET REPORT 
FISCAL YEAR 1995 
NATIONAL DAIRY PROMOTION AND RESEARCH BOARD 
REGIONAUINDUSTRY SUPPORT: 
Utah Dairy Commission 
United Dairymen of Idaho 
Oregon Dairy Products Commission 
Western Dairy Farmers' Promotion Association 
Kraft General Foods, Inc. 
Schreiber Foods, Inc. 
Marschai-Rhone Poulenc, Inc. 
Tillamook Co. Cream. Assoc 
Avonmore West, Inc. 
State of Utah Center of Excellence "Center 
for Dairy Foods Technology 
$50,000 
$50,000 
$20,000 
$10,000 
$5,000 
$5,000 
$5,000 
$5,000 
$5,000 
$130,000 
TOTAL REGIONAUINDUSTRV SUPPORT $285,000 
$500,000 
FY95 TOTAL DAIRY RESEARCH CONTRIBUTIONS $785,000 
FY94 BALANCE FORWARD $133,995 
TOTAL AVAILABLE FUNDS FOR FY96 RESEARCH $918,995 
FY95 COMMITTED RESEARCH FUNDS 
Western Dairy Foods Research Center ($641 ,943) 
State of Utah Center of Excellence ($130,000) 
Administrative ($60.000) 
TOTAL FY94 COMMITTED RESEARCH FUNDS $831,943 
FY95 BALANCE FORWARD $87,052 
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Financial Summary of Approved Projects 1993-1996 
Project Title 
FY93 FY94 FY95 FY96 
Production of Extracellular Proteases of Brevibacterium 
linens for Use in Low-fat Cheese- Weimer, USU $35,625 $39,293 $0 $0 
Bacteriophage-Resistance Gene Replacement in Lactococcus 
lactis-Geller, OSU 40,860 41,571 44,228 0 
Purification of Monospecific, Polyclonal Antibodies from 
Bovine Cheese Whey -Brown, USU 0 44,875 42,360 0 
Rheology and Microstructure of Mozzarella Cheese -
McMahon, USU 19,950 44,340 50,890 56,980 
Function of Whey Proteins and Lactose in Age Gelation of 
UHT-Processed Milk Concentrate-Part 2-McMahon, USU 22,075 26,000 0 0 
Extrusion Processing of Whey Proteins -Hansen, USU 47,200 29,650 0 0 
Effects of Iron Fortification on Chemical Physical, 
Microbiological and Nutritional Properties of Yogurt-
McMahon, USU 26,700 0 0 0 
• Interactions Between Milk Proteins, Starter Cultures, and Hydrocolloidal Milkfat Replacers- Weimer, USU 42,620 49,276 0 0 
Milk Protein Interactions and Gelation During Thermal 
Processing - Brown, USU 0 60,735 67,925 68,026 
Using a Natural Nutrient Process to Improve Milk Quality 
and Extend Milk Shelf-Life Through the Reduction in Lipid 
Oxidation and Off-Flavors with Tocopherol (Vitamin E) 
Supplementation to Dairy Cows- Schelling, U. of Idaho 19,838 19,438 0 0 
Influence of Preadsorbed Protein on Adhesion of Listeria 
monocytogenes to Dairy Food Contact Surfaces -Daeschel, 
osu 29,671 29,544 0 0 
Using Whey for Improvement of Exposed Subsoils and 
Sodic and Saline-Sodic Soils - Hansen, USU 14,000 0 0 0 
Growth of Bifidobacteria in Milk Association with 
Streptococcus thermophilus and Lactobacillus Species and 
Measured by Genetic and Enzymatic Probes - Sandine, 
osu 26,315 0 0 0 
Development of High Protein Low-Fat Fermented Foods 
{rom Yogurt Cheese -Hansen, USU 0 39,242 0 
• 
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Financial Summary of Approved Projects 1993- 1996 (continued) 
Project Title FY93 FY94 FY95 FY96 
Protein and Mineral Distribution in the Bovine Casein 
Micelle - McMahon, USU 0 19,730 29,230 
Casein Modifications in skim milk with improved 
color /body for spray drying and use in frozen/ fermented 
dairy products 0 18,500 21,600 
Influence of Increased Milkfat Interfacial Area and 
Surfactant Proteins on the Attributes and Acceptability of 
Fat-reduced Cheddar Cheese 0 0 47,500 0 
Low-fat Cheese Project- McMahon, USU 0 300,000 325,000 325,000 
TOTAL $324,854 $733,964 $616,133 $475,861 
• 
• 
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Project Title: The Influence of Preadsorbed Protein on Adhesion of Listeria 
monocytogenes to Dairy Food Contact Surfaces 
Personnel: 
Funding: 
Objectives: 
M.A. Oaeschel, Associate Professor, Department of Food Science and 
Technology, Oregon State University 
J. McGuire, Associate Professor, Departments of Bioresource · 
Engineering and Food Science & Technology, Oregon State University 
H .. AI-Makhlafi and C.K. Bower. Research Assistants. Department of Food 
Sc1ence and Technology, Oregon State University 
Western C~nter for Dairy Protein Research and Technology, US Agency 
for International Development, Public Health Service Institutional Grant 
and Oregon Agricultural Experiment Station ' 
. . 1. record ~-lactoglobulin adsorption kinetic data on each of a series of silanized 
Silicon surfaces that have been prepared to exhibit varying degrees of hydrophobic and 
hydrophilic character; 
2. compare the measured adsorption kinetics to that predicted by a simple 
molecular model of interfacial behavior to obtain a measure of the rate at which 
conformational changes take place on each surface; 
3. P.repare adsorbed ~-lactoglobul!n layers of varying age on each type of surface, 
and quant1fy the adsorbed mass of each f1lm; 
4. expose the surfaces, with and without pre adsorbed films, to Listeria 
monocytogenes in order to document the relationship between characteristics of each 
protein film and the extent and tenacity of resulting microbial adhesion; and 
5. model the extent and tenacity of microbial adhesion as a function of contact 
surface hydrophobicity, or the nature of the preadsorbed film. 
Results: 
Project objectives 1 through 3 were completed during the first and second years of the 
project. The adsorption kinetics exhibited by a-lactalbumin (a-lac), ~-casem, and bovine 
serum albumin (BSA) at hydrophilic and hydrophobic silicon surfaces were recorded with 
ellipsometry as well, and interpreted with reference to a simple mechanism for irreversible 
protein adsorption. These additional tests were performed in response to TAC 
recommendations, and constitute a natural extension of past work that involved 
measurement of ~-lactoglobulin (~-lg) adsorption kinetics on silicon surfaces varying in 
wettability. With regard to ~-lg, a model based on the mechanism described the data very 
well, enabling interpretation of the kinetic behavior in terms of contact surface 
hydrophobicity influences on rate constants affecting protein attachment and unfolding at 
the interface. In particular, both experimental and simulation results indicated that if the 
process of protein adsorption is resolved into two steps, the first being reversible 
adsorption defined by kinetic rate constants k1 and k_1 for attachment and detachment, the 
second being a conformational change defined by a kinetic rate constant s1 (resulting in 
conversion of reversibly adsorbed protein to an irreversibly adsorbed species}, k1 and s1 
increase with increasing solid surface hydrophobicity, while k_1 decreases. Quantitative 
consideration of possible mass transfer influences on the observed adsorption rates 
indicated that the experiments were not conducted in a transport-limited regime. In the 
present work, a-lac, ~-casein, and BSA adsorption kinetics were measured and 
mterpreted with reference to the same model. To date, we have performed a number of 
8 
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kinetic experiments with each of the four proteins, but quantitative conclusions are still 
tentative. However, although molecularly dissimilar in several ways, differences in 
surface activity among these proteins at hydrophilic and hydrophobic interfaces can be at 
least qualitatively explained with reference to molecular flexibility and stability. These 
have been observed to be very important factors influencing a-lac, ~-casein, ~-lg and 
BSA interfacial behavior at air-water interfaces, and a-lac, J:S-Ig and BSA interfacial 
behavior at solid-water interfaces. ~-Casein has a largely unordered structure, but is 
distinctly amphiphilic; it adsorbed at a greater initial rate and in a greater amount than the 
other proteins on each type of surface. Results-to-date lead us to infer that it exhibits a 
higher affinity for hydrophilic surfaces. The globular proteins a-lac and BSA behaved in a 
manner more similar to that of ~-lg at each surface; however, the difference in a.-lac 
adsorption to hydrophilic and hydrophobic surfaces was quite large, with a.-lac adsorbing 
to a much greater extent on hydrophobic surfaces. a-Lac, a small and resilient protein, 
preliminarily appears to exhibit a higher initial adsorption rate, than does BSA, to 
hydrophobic surfaces as well. BSA consists of three large domains and nine 
subdomains. Its surface activity appears largely governed by relatively slow unfolding of 
one of these domains after adsorption. BSA did not appear to attain a plateau in 
adsorbed amount after eight hours of contact on either surface, although it did yield a 
greater adsorbed amount than a-lac in the same time period. 
Experimental protocols were developed to establish consistent quantification of adhered 
bacterial cells (L. monocytogenes). Flow through chambers were employed for 
reproducible rinsing to establish baseline bacterial cell adhesion to surfaces.Computer 
driven Image analysis was used for visualing and enumerating bacterial cells adhered to 
surfaces. Initial results clearly indicated significant differences in the numbers of adhered 
cells to surfaces with different adsorbed proteins. Most dramatic were BSA treated 
surfaces which had 4-5 fold less adhered bacteria as compared to the non-globular 
proteins. · 
Impact of Research: 
The ability of proteins to adsorb to food contact surfaces is well recognized. It is possible 
to capitalize on this phenomenon by specifically allowing antimicrobial or otherwise 
surface-passivating proteins to adsorb and provide an active deterrent to bacterial 
adhesion. Antimicrobial proteins are particularly attractive to use because of their known 
chemical and physical properties, their record of safe and efficacious use and their 
demonstrated lethality toward L. monocytogenes. The wide spectrum of food contact 
surfaces present in commercial settings presents a challenge to development of generic 
strategies that prevent adhesion and biofilm formation. Our approach includes 
quantitative evaluation of protein surface behavior as a function of molecular properties 
and surface hydrophobicity. Past research supports the importance of both hydrophobic 
interaction and adsorption competition on formation of an interfacial film. This work will go 
a long way toward allowing us to optimize noncovalent immobilization of passivating 
components in order to provide an effective and easily implemented barrier to Listeria 
adhesion. 
Publications: 
Daeschel, M.A., McGuire, J. and AI-Makhlafi, H. 1992. Antimicrobial activity of nisin 
adsorbed to hydrophilic and hydrophobic surfaces. J. Food Prot., 55:731 
Krisdhasima, V., McGuire, J. and Sproull, R. Surface hydrophobic influences on 
~-lactoglobulin adsorption kinetics. J. Colloid Interface ScL, 154:337 
Suttiprasit, P., Krisdhasima, V. and McGuire, J. The surface activity of 
a-lactalbumin, ~-lactoglobulin and bovine serum albumin I. Surface tension _ . 
measurements with single component and mixed solutions. J. Colloid Interface Sci., 
154:316 
Suttiprasit, P. and J. McGuire. The surface activity of a-lactal~umin, ~-lactoQI?bulin 
and bovine serum albumin II. Some molecular influences on adsorpt1on to hydrophilic 
and hydrophobic silicon surfaces. J. Colloid Interface Sci., 154:327 
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Project Title: 
Personnel: 
Funding: 
Objectives: 
Using a Natural Nutrient Process to Improve Milk Quality 
and Extend Milk Shelf-Life Through the Reduction in 
Lipid Oxidation and Off-Flavors with Tocopherol (Vitamin 
E) Supplementation to Dairy Cows 
Gerald T. Schelling, Department of Animal and Veterinary 
Science, University of Idaho 
Richard A. Roeder, Department of Animal and Veterinary 
Science, University of Idaho 
John Montoure, Department of Food Science and Toxicology, 
University of Idaho 
Western Center for Dairy Protein Research and Technology 
The oxidation of milk causing off-flavors continues to be a problem. A recent study of 
retail milk indicated that up to 38 % of the samples had unacceptable flavor. The role 
of vitamin E as an antioxidant in milk is recognized, but current nutritional management 
of dairy cows relative to vitamins A and E have a definite impact upon the tocopherol 
content of milk. The specific objectives of this phase of the study are as follows. 
1. To evaluate the effect of various chemical and/or administration forms of 
vitamin E on milk vitamin E content and milk oxidation. 
2. To determine the efficiency of gastrointestinal tract absorption and 
mammary transfer of vitamin E to milk. 
3. To determine the effect of higher dietary levels of vitamin A on the vitamin E 
content of milk and milk oxidation. 
Results: 
To achieve objectives 1 and 2 of this research, an incomplete Latin square design with 
two periods and 16 late lactation Holstein cows were used to evaluate four treatments. 
The treatments were control (C), 4,000 IU of oral dl-alpha-tocopheryl acetate (ODL T), 
4,000 IU of oral micellized d-alpha-tocopherol (ODT), and 4,000 IU of injectable d-
alpha-tocopherol (lOT). Each vitamin E source was administered once as a single 
dose. The oral treatments were each given as a bolus in a gelatin capsule, and the 
10 
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injectable treatment was delivered into the muscle at two sites with a 3.8 em needle. 
The milk sampling schedule involved 14 samples collected from day -2 through 22, 
with the treatments being given on day 0. Both the oral and injectable sources 
elevated milk alpha-tocopherol by day 1 and peaked on day 2. The oral doses 
produced elevated levels for 5 day, and the injectable for 9 day. The peak alpha-
tocopherol concentrations in the milk at day 2 for treatments C, OOL T, OOT and lOT 
were .64, .72, .98 and 1.73 mg/1 {P<.0001). The total alpha-tocopherol secretion in the 
milk due to the treatments was determined by calculating a baseline for each cow 
based on average values for day -2, -1, 0, 14 and 22. Total alpha-tocopherol 
secretions in milk due to treatments OOL T, OOT and IDT were 13.1, 27.2 and 109.6 
mg. The total alpha-tocopherol milk secretion response to the lOT treatment {P<.0046) 
was 3.01 %of the administered dose. The alpha-tocopherol milk secretions due to the 
oral treatments OOL T and OOT represented .36 and .75 % of the administered doses, 
with ODT being greater {P<.0028) than OOL T. 
The data indicate a relatively low transfer (3.01 %) of injected d-alpha-tocopherol 
across the mammary gland into milk. Furthermore, the transfer of vitamin E sources 
from the digestive tract to milk (.36 and .75 % for dl-alpha-tocopheryl acetate and 
micellized d-alpha-tocopherol respectively) would indicate a digestive tract absorption 
of 12.9 and 26.8 % for these two vitamin E sources assuming the same post-
absorbative utilization efficiency as for the injectable vitamin E source. The rate of 
oxidation was measured over an appropriate time period on milk samples with added 
ferric sulfate by using the thiobarbituric acid (TBA) procedure. Figure 1 shows the 
decreased oxidation of milk as milk vitamin E is increased via more available vitamin 
E forms. Relative milk oxidation was significantly (P<.01) reduced from 100% for the 
control (C) to 82.1, 77.8 and 68.6 %for the oral dl-alpha-tocopheryl acetate (OOLT), 
oral micellized d-alpha-tocopherol (ODT) and injectable d-alpha-tocopherol (lOT) 
treatments respectively. 
Milk Oxid. and Vit. E Sources 
Figure 1 
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The effect of various levels of dietary vitamin A on milk vitamin E and milk oxidation 
was studied in an incomplete· Latin square design with two periods using 16 mid-
lactation Holstein cows to evaluate four treatments. All Cows received 4,000 IU of 
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supplemental dl-alpha-tocopheryl acetate and graded supplemental vitamin A levels of 
25,000 (low), 75,000 (medium), 225,000 (high) or 675,000 (very high) IU of vitamin A 
acetate per head per day. Increasing the dietary vitamin A levels decreased the 
vitamin E content of both blood and milk. Figure 2 shows the increase in milk oxidation 
commensurate with the decrease in vitamin E content of the milk caused by high 
dietary vitamin A levels. When the low vitamin A treatment was set at a relative 
oxidation of 100 %, the relative oxidation was 124.6, 118.8 and 154.9 % for the 
medium, high and very high vitamin A treatments respectively. 
Impact of Research: 
The results of these studies will allow for the more knowledgeable formulation of dairy 
rations to reduce milk oxidation. The impact on formulating dairy rations will be as 
follows. 
1. Relative efficiency data of different chemical forms and/or administration 
routes will allow for the selection of the most cost effective means of providing 
vitamin E to achieve certain milk concentrations of vitamin E. 
2. The negative impact of high vitamin A levels on vitamin E utilization provides the 
information needed to make the necessary dietary vitamin E adjustment to 
maintain certain milk concentrations of vitamin E. 
Publications: 
Pumphrey, W. M., K. G. DeYonge, J. A. Slusark, M. J. Garber, R. A. Roeder, W. K. 
Sanchez and G. T. Schelling. 1993. Absorption of various forms of vitamin E 
from the gastrointestinal tract and transfer across the mammary gland in 
lactating dairy cows. J. Anim. Sci. (Abstract). 
Schelling, G. T., R. A. Roeder, M. J. Garber, W. M. Pumphrey and W. K. Sanchez. 
1993. The need for increased antioxidant capacity for optimal meat and milk 
quality. Proc. Fifteenth International Congress of Nutrition. Adelaide, Australia . 
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Function of whey proteins and lactose in age gelation 
of ultra-high temperature sterilized milk concentrate, 
Part 2. 
Donald J. McMahon 
M. Christopher Alleyne 
Nutrition & Food Sciences Dept., Utah State University 
WESTERN CENTER FOR DAIRY PROTEIN 
RESEARCH AND TECHNOLOGY 
Utah Agricultural Experiment Station 
USDA Agricultural Research Service 
The mechanism by which age gelation in UHT sterilized milk concentrates occurs is 
still unknown. There have been many factors implicated and at best an empirical approach 
is taken to extend shelf life of sterilized milk products. UHT sterilization promotes 
association between K-casein and ~-lactoglobulin. In milk concentrates the concentration of 
whey proteins and lactose are increased. Their role in the age gelation process will be 
studied in this project. The specific objectives of this project are to: 
1. Determine the influence of lactose concentration of milk concentrates on age 
gelation. 
2. Determine the fate of ~-lactoglobulin during storage ofUIIT sterilized milk 
concentrates . 
3. Monitor changes in casein micelle structure during storage of UHT sterilized 
milk concentrates. 
Results: 
Objective 1. This was reported as part 1 of this project. 
Objective 2 & 3. 
Using antibodies to ~-lactoglobulin, a-lactalbumin, as1-casein, as2-casein, ~-casein and 
K-casein (obtained from J.J. Stastny, University of Illinois College of Medicine), goat ant-
mouse IgG conjugated to 10 nm gold, a protocol for immunolabeling of milk samples was 
established and applied to milk, milk concentrated by ultrafiltration to 3X (volume 
reduction), and the UF milk heated to 110, 120, 130, and 140°C. The location of these 
proteins was determined (with the exception of as2-casein which did not label). These 
proteins were then tracked during 12 months storage of the UIIT (140°C) milk. A 
mechanism for age gelation in concetrated milk is proposed. 
Direct UHT samples began to gel an average 2 months earlier but showed less labeling than 
the corresponding indirect UHT samples. This reflected the fact that longer heating of indirect 
UIIT samples increased the denaturation of whey proteins which increased complexing (hence 
labeling) with denatured whey proteins. Both UHT treatments produced the same trends for all 
proteins. 
a-Lactalbumin labeling was most intense immediately after UHT-sterilization (0 month of 
storage). Labeling at month4, 8, and 12 was very sparse. Thus complexed a-lactalbumin that 
formed during UHT (140°C) sterilizati;:;h apparently breaks down with time, leading to leaching of 
the uncomplexed a-lactalbumin during pre-labeling TEM preparation. This is consistent with the 
reversibility of conformational changes in a-lactalbumin during heat processing. These aggregates 
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would not be disulfide linked and, therefore, could revert to a non-aggregated state upon cooling. 
An alternative mechanism involves further time-dependent aggregation of the complex which makes 
the epitope unavailable for labeling. 
Labeling for P-lactoglobulin was relatively heavy in all samples. At the beginning of storage 
the labeling was mainly associated with the surface of the micelles. At 4 months of storage the 
labeling was still associated with the micellar surfaces, but the intermicellar matrix was also well 
labeled. At 8, 10, and 12 months of stor~'5e the bulk of the labeling was on the intermicellar matrix 
with very little on the micellar surfaces. This gradual transfer of labeling from the micelles to the 
intermicellar matrix suggested that the initial P-lactoglobulin-K-casein complex moved into the 
intermicellar matrix on aging. The labeling, however, did not appear specifically on the tendrillar 
appendages between micelles in the gelled samples. This suggested that there was more 
intermicellar material than had been previously observed in electron micrographs. 
All samples labeled heavily for as 1-casein. At months 0 through 8 labeling was almost 
exclusively on the micelles, but at months 10 and 12 (at which time the milk concentrate had gelled) 
the micelles appeared less heavily labeled, and there was increased labeling in the intermicellar 
matrix. This suggested that gelation involved migration of some of the as1-casein from the casein 
micelles to the intermicellar spaces. 
None of the samples showed labeling for as2-casein. The level of labeling observed in the 
control was typical for all the controls in this experiment. 
All samples labeled heavily for P-casein. P-Casein was not uniformly distributed within the 
micelles perhaps due to I)-casein being proteolyzed by residual proteinases to yield P-casein 
fragments. At months 0 through 8 labeling was almost exclusively on the micelles, but at months 
10 and 12 the micelles appeared less heavily labeled, and there was increased labeling in the 
intermicellar matrix. Thus some of the P-casein apparently migrated from the casein micelles to the 
intermicellar spaces. 
Labeling for K-casein increased as the samples aged indicating that the site recognized by the 
antibodies became more available. The antibody forK-casein may have been raised against para-K-
casein which, in native casein micelles, would be embedded within the micelles. The labeling 
appeared as linear patterns as well as clumps within the intermicellar matrix. There were few 
tendrillar appendages between micelles at months 0-8; these structures proliferated at months 10 
and 12. There was sparse labeling within the intermicellar matrix at months 0-4. Labeling 
increased at months 6 and 8 within the matrix, mainly between adjacent micelles. The labeling at 
month 10 was very dispersed, but involved linkages between micelles. This trend was accentuated 
at month 12 where there were linear clusters between adjacent micelles. There did not appear to be 
any label on the tendrillar appendages between linked micelles. These tendrils, which are probably 
K-casein and P-lactoglobulin, are embedded within the section and only proteins that extended from 
the surface would be labeled. 
The movement of K-casein and P-lactoglobulin during storage seemed to be related to age 
gelation perhaps through interactions between these proteins leading to a complex. The movement 
of P-lactoglobulin onto the micelles through heating and gradually into the serum during storage 
may be due to the destabilization of K-casein by P-lactoglobulin. UHT sterilization denatures P-
lactoglobulin and catalyzes the reaction of P-lactoglobulin with K-casein, leading to the formation of 
the complex. Complexing between K-casein and P-lactoglobulin is impeded by complexing 
between K-casein and both as1-casein and P-casein which means that these three proteins compete 
for binding sites on K-casein. This explains how the bond between P-lactoglobulin and K-casein 
(promoted by UHT-sterilization treatment) was less stable than the bond between K-casein and 
as1-casein or P-casein. UHT heating increased the complexing of P-lactoglobulin with micellar K-
casein, thereby increasing rennet-coagulation time and reducing gel firmness. The attachment of P-
lactoglobulin impeded the rennet proteolysis of K~casein either through steric interference or by 
altering the conformation of the casein protein. 
The movement of all micellar casein into the intermicellar spacesduring gelation was 
associated with the loss of K-casein to .hc.- serum, which exposed calcium-insoluble <lsi-casein and 
P-casein to the serum calcium ions. However, as1-casein and P-casein retained their integrity in 
the micellar residue. The lack of labeling of micellar K-casein in these experiments suggested that 
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its epitope was not available to the antibody perhaps because the antibodies may have been raised 
against para-K-casein. When the K-casein leaves the micelle, the epitope is exposed and can be 
labeled. The lowering of pH of the UHT-sterilized milk on storage may also play a role in age 
gelation. 
The linear labeling of K-casein suggested that the tendrillar appendages were the ~­
lactoglobulin-K-casein complex that dissociated from the micelles. The size and distribution of 
these appendages prevented their labeling forK-casein or ~-lactoglobulin. The tendrillar 
appendages were cylindrical, -10 nm in diameter, and 20-100 nm in length. The thickness of 
section used in these TEM preparation was 90 nm and the visible intact tendrils appeared to be 
beneath the resin and were thus inaccessible to the primary antibodies. Where the tendrils were 
sectioned and available at the surface, labeling occurred, but the very thin remnant of the tendril was 
almost invisible in the matrix. 
UHT sterilization of UP-concentrated milk denatured ~-lactoglobulin, which formed 
complexes with micellar K-casein. This interaction destabilized the K-casein and predisposed it to 
dissociation from the micellar moiety. Consequently, the calcium-insoluble <lsi-casein and~­
casein were exposed to the calcium ior~ :n the serum leading to the coalescence of these molecules 
and some dissociation from the micelles. <lsi-Casein and ~-casein retained their physical integrity 
within the micellar residue. 
The tendrillar appendages were the remnants of the ~-lactoglobulin-K-casein complex, 
which were still physically associated with the surface of the coagulated micellar residues. 
It was difficult to observe any of these labeled appendages because of their minute size and 
distribution within the sectioned milk sample. As samples aged K-casein left the micelles as 
the competitive binding of denatured ~-lactoglobulin to K-casein weakened its bond with the 
casein micelle. 
Publications: 
Alleyne, M.C., McMahon, D.J., Youssef, N.N. and S. Hekmat. I993. An apparatus for 
a new microcube encapsulation of fluid milk in preparation for transmission electron 
microscopy. Food Struct. I2:2I-30. 
Alleyne, M.C. and D.J. McMahon. 1994. Immunolocalization of ~-Lactoglobulin in 
Processed Milk, Yogurt, and Various Cheeses. 89th American Dairy Science Association 
Meeting, J. Dairy Sci. 77(Supp. I):25. 
Alleyne, M.C. and D.J. McMahon. 1994. Immunolocalization of Caseins and Whey 
Proteins in Milk at Various Stages of treatment from Fresh Whole Milk to Ultra-High 
Temperature Sterilized Ultrafiltered (3X) Milk Concentrate. 89th American Dairy Science 
Association Meeting, J. Dairy Sci. 77(Supp. I): I 52. 
Alleyne, M.C. and D.J. McMahon. I994. Immunolocalization of Caseins and Whey 
Proteins in Ultra-High Temperature Sterilized Ultrafiltered (3X) Milk Concentrate Stored at 
Room Temperature Until Gelation. 89th American Dairy Science Association Meeting, J. 
Dairy Sci. 77(Supp. I):I53. 
McMahon, D.J. and M.C. Alleyne. I994. A mechanism for the age gelation ofUHT 
concentrated milk. XXIV International Dairy Congress, Montreal, Brief Communications 
& Abstracts 
McMahon, D.J. I994. Changes in casein micelle structure during UHT processing of 
milk. Ultra-High Temperature Processing of Milk Symposium, Utah State University, 
Logan, Utah, March 2-3, I994. 
McMahon, D.J. I994. Changes in casein micelle structure during storage ofUHT 
processed milk. Ultra-High Temperature Processing of Milk Symposium, Utah State 
University, Logan, Utah, March 2-3, 1994. 
Alleyne, M.C. 1994. Fate of beta-lactoglobulin, alpha-lactalbumin, and casein proteins 
in ultrafiltered concentrated milk after ultra-high temperature processing. Ph.D. 
Dissertation, Utah State University . 
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Effects of iron fortification on chemical, physical, 
microbiological and nutritional properties of yogurt. 
Donald J. McMahon 
Nutrition & Food Sciences Dept., Utah State University 
Western Center for Dairy Protein Research and Technology 
1. To produce low-fat and non-fa~ i~ on-fortified yogurt using FeCl3, Fe-
casein or Fe-w hey protein complexes as the iron sources. 
2. To determine growth and viability of Lactobacillus delbruekii ssp. bulgaricus 
and Streptococcus salivarius ssp. thermophilus in iron-fortified yogurt. 
3. To determine iron binding sites using Elemental Filtering Electron 
Microscopy. 
4. To determine the best procedure for making a high-quality iron-fortified 
yogurt. 
Results: 
Objective 1. Low fat (2)) and nonfat yogurt fortified with three iron sources 
(ferric chloride, iron-casein and iron-whey protein complexes, at three levels (10, 
20, and 40 mg iron/kg yogurt were made. The two iron sources, Fe-casein and 
Fe-w hey protein were prepared by adding .5 M FeC13 into skim milk and cottage 
cheese whey respectively. The Ferrozine assay was used to determine percent 
iron recovery of the iron sources. ThE. y~rcent iron recovery of Fe-casein and Fe-
w hey protein were 46.76 and 88.6 respectively. 
Objective 2. Enumeration of L. delbruekii ssp. bulqaricus and S. salivarius ssp. 
thermophil us were done using MRS (pH 5.4) and M17 media respectively. Lactic 
acid counts for non-fat iron fortified yogurt (FeC13 Fe-casein and Fe-whey 
protein at 10, 20,40 mg/Kg) started with 1 08 and in some cases 109 CFU /ml for 
each bacteria. Their number decreased only slightly after one month of storage. 
There were no significant differences in bacterial counts between iron-fortified 
yogurt and the control. 
Survival of Lactobacillus delbruekii ssp. bulgaricus and Streptococcus salivarius ssp. 
thermophilus were monitored during 30 d of storage at 4°C. Their mean bacterial 
counts after 1 d of storage in iron-fortified skim yogurts were 7.0 X 108 CFU/ml, 
• which were not significantly different from bacterial counts in unfortified 
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yogurts. These counts decreased to 2.5 X 108 and 1.9 X 108 CFU/ml after 30 d of 
storage. 
Fortifying yogurt with iron did not support growth of spoilage and pathogenic 
microl:>es such as Pseudomonas fluoresces or Escherichia coli. Pseudomonas 
fluorescens and E. Coli were inoculated separately at the rate of 103 and 1Q5 
CFU I ml yogurt into iron-fortified yogurt mix (20 mg iron/kg yogurt) at 
packaging. Viable numbers of E. coli i::.l ;ron fortified yogurt were slightly higher 
than in unfortified yogurt. After a7 d of storage, they decreased to < 1 CFU I ml. 
Pseudomonas fluorescens showed no viability after 1, 7 or 14 d of refrigerated 
storage. 
Objective 3. Iron-binding affinity of casein and whey proteins was studied by 
fortifying skim milk with 10 mg iron per 100 ml and adjusting its pH to 6.7, 6.2, 
5.8, 5.3, 4.5, and 4.0. Samples were fractionated by ultra centrifugation, and the 
pellets and serum were collected and analyzed for iron, calcium, and phosphorus 
contents and protein profile. At pH 6.7, 6.2, 5.8, and 5.3, some casein, especially 
K-casein was retained in the supernatant after ultra centrifuging. 
More iron was present in pellets at pH 4.0 and 4.5 because more protein (casein 
and denatured whey proteins) sedimented at these pHs. Expressed on a protein 
basis, these pellets had the lowest iron content probably because denatured whey 
proteins and K-CN have lower iron-binding affinities. As pH decreased, calcium 
and phosphorus dissociated from casein micelles independently of iron binding. 
Iron apparently does not exchange for colloidal calcium in the casein micelles. 
Several samples of iron-fortified yogu.:-t were prepared for Scanning Electron 
Microscopy (SEM). Results indicated that preparation procedure for SEM did not 
wash away iron and localization of the bound iron was possible. However, 
Transmission Electron Microscopy (TEM) is necessary for more detail sutdy of 
bound iron. The initial sample preparation for TEM which involved fixation with 
glutaraldehyde and osmium tetroxide and embedding with Standard 
Mollinhauer Araldite mixture (EPON) did not maintain iron in a binding state 
and localization of iron was not possible. 
When small samples of the yogurt were freeze-dried on carbon coated grids and 
examined by transmission electron microscopy, elemental maps for iron were 
obtained using electron spectroscopic imaging. In yogurt fortified with iron-
casein complex, the iron remained bound to the casein and was distributed 
throughout the micelles; with iron-whey protein complex, it was distributed 
throughout the non-micellar portion of the yogurt; with fortification by FeCl3, 
the iron was preferentially located within the casein micelles. 
Objective 4. Iron-fortified yogurts (nonfat and 2%) were manufactured at levels 
of 10, 20, and 40 rrig iron/kg yogurt. Lipid oxidation and iron concentration were 
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monitored over 30 d storage of the yogurts at 4°C using ferrozine assay and 
thiobarbituric acid test. The organoleptic characteristics of yogurt were 
determined by a panel of trained judges and consumer panels. 
No significant increases (P > .05) in chemical oxidation levels between iron-
fortified yogurt and unfortified yogurt were detected. 
Trained panelists scored oxidized, metallic, bitter, and off-flavor in the range of 
"not perceptible" or "very slightly perceptible" for both iron-fortified and control 
yogurts. A panel of 75 lay judges did not detect any significant differences (P > 
.05) in the appearance, mouth feel, flavor, or overall quality between fortified and 
non-fortified flavored yogurts. All vogurt samples were liked by the panelists, 
suggesting yogurt is a suitable vehicle for iron fortification. 
Publications: 
Alleyne, M. C., D. J. McMahon, N. N. Youssef and S. Hekmat. 1993. An apparatus 
for a new microcube encapsulation of fluid milk in preparation for transmission 
electron microscopy. Food Structure. 12:21-30. 
Hekmat, S. and D. J. McMahon. 1993. Effects of iron fortification on chemical, 
physical and microbiological properties of yogurt. J. Dairy Science (In 
• preparation) . 
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Interactions between milk proteins, starter cultures and hydrocolloidal milk fat replacers 
Introduction: 
Health experts are urging people to reduce the amount of fat consumed in their diet . 
Consumers are demanding more low fat and non-fat food products. Many food ingredient 
companies have responded by developing fat substitutes. Simplesse® (The NutraSweet Co.) 
and Stellar™ (Staley Manufacturing Co.) are just two of these. To replace milk fat, non-fat 
substances (such as starch or protein) should mimic milk fat globules. This means the starch or 
protein fat replacer should have a similar size distribution and be able to interact with milk 
proteins the way fat globules do. Different companies have developed fat replacers for 
segments of the food industry. Though some products do not target milk fat replacement, 
some companies claim their product can act as milk fat replacers in dairy products. The low 
fat and non-fat food market is exploding. We will examine how fat replacers interact with 
milk proteins to mimic milk fat globules. 
Addition of fat replacers to milk creates a new dimension to the microbiology of 
fermented dairy products. Interactions between fat replacers and starter cultures are 
unknown. Fat replacers offer starter bacteria new sources of growth nutrients in milk. Starter 
cultures' growth and acid production will be influenced by protein- and starch-based fat 
replacers. Functionality of fat replacers will be effected by the proteinases, peptidases and 
metabolic end-products of lactic acid bacteria. We will investigate the interaction between 
starter cultures and fat replacers and the effect of each during cheese making . 
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1. Examine coagulation, protein binding, and stability of milk proteins in the 
presence of fat replacers. 
2. Stability of fat replacers in dairy systems during growth of lactic starter cultures. 
Summary of Research Results: 
Objective 1 -
Electron microscopy (EM) was used to determine the location of the protein and 
carbohydrate fat replacers in the cheese matrix after cheddaring, just after pressing, and after 
7 d of aging at 4 oc. Results demonstrated that the protein-based fat replacer was retained 
mainly in the casein matrix while the carbohydrate-based fat replacers were located in the fat 
and water phases. Further the bacteria (the starter and the adjunct) used to make the cheese 
were observed in the water surrounding the fat replacer regardless of the fat replacer location 
(Figure 1 & 2). Suggesting that the bacteria are in proximity to degrade the fat replacer if the 
proper enzymes are present. 
Laboratory experiments observed coagulation characteristics of milk containing fat 
replacers at various levels varied with each fat replacer added was un-affected. This was also 
observed during cheese making. Further analysis indicated that all or most of the fat replacer 
was being incorporated into the cheese matrix as the whey did not have significant differences 
in total solids nor ash. These data indicate the fat replacers are being held in the cheese matrix 
via extensive trapping as is fat and will not interfere with milk coagulation during cheese 
making due to casein-fat replacer interactions. These data taken together suggest that cheese 
made with fat replacers be significantly different from the full fat version and the acid 
production rate during manufacture will be a source of variation for cheese making schedules 
and quality. 
Objective 2 -
Strain characterization was done using automated reflectance colorimetry for individual 
glycolytic, peptidolytic enzymes, and the Biolog system as a method to predict the rate at 
which strains degrade fat replacers. The Biolog system was successfully used to screen strains 
for glycolytic enzymes, but did not reveal the rate of degradation. Reflectance colorimetry 
assays for these enzymes indicated the rate of hydrolysis of starch-based fat replacers is 
- -
relatively low but is a significant source of acid during culture growth. Hydrolysis ofprotein~ 
based fat replacers was less common in the starters tested, but if present significantly increases 
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acid production and cell numbers in milk. Slendid was the only fat replacer tested that was 
not hydrolyzed, but it inhibited growth of starter cultures. 
Forty two starter cultures were screened for their ability to produce acid in milk and 
media containing different fat replacers which demonstrated starter cultures can degrade fat 
replacers to produce acid during growth in the laboratory. Data suggests acid production 
could be difficult to control with added fat replacer during cheese making and is dependent on 
the strain and fat replacer used during manufacture. Low enzyme activity that degrade the fat 
replacers was found with added fat replacer. This was verified by using one protein-, and 
three carbohydrate-based fat replacers in cheese making for 50% reduced Cheddar cheese with 
a single strain of Lactococcus lactis ssp. cremoris MMlOO (Marschall products, Madison, WI) 
starter and Brevibacterium linens BL2 as the adjunct. During cheese making acid production 
was difficult to control with carbohydrate-based fat replacers added which lead to acid cheese 
curd with high moisture. During aging the body of the cheese became very soft. Flavor 
profiles with informal taste panels indicated that the cheese with carbohydrate-based fat 
replacers was bitter and acid. 
Informal taste panels of cheese made with and without added fat replacer determined 
off-flavors increased more during aging at TC for 4 mon in cheese with fat replacers added, 
suggesting the starter cultures are metabolizing the fat replacer during aging as an energy 
source and generating undesirable flavor compounds from the added fat replacer. Bitterness 
was higher in cheeses with fat replacers added, suggesting the fat replacer changes either the 
protein hydrolysis pattern of casein or the partitioning of peptides between the water and 
hydrophobic phase in the matrix. Chromogenic enzyme assays, for the same cellular done in 
the screening phase, indicated the AP and lipase activities remained stable or increased 
slightly during aging cheese with and without fat replacers added. Since the flavor was 
different between the cheese with added fat replacers and but the enzyme activity remained 
similar it suggests the slow cumulative degradation of the fat replacer occurs during aging 
thereby liberating compounds into the matrix that can be used for other cellular processes 
which change the flavor of cheese with added fat replacers. Degradation of the fat replacer 
also lead to changes in the body and texture as was observed in this project. 
Specific growth rates changed with milk fat and fat replacer concentration, suggesting 
that the influence of this flavor adjunct will depend on which fat replacer is used during 
cheese making. Higher concentrations of fat replacers slowed the growth rate, while at lower 
concentrations fat replacers enhanced the growth rate of all strains tested, indicating that at the 
concentrations of fat replacers used in cheese, B. linens numbers will increase during cheese 
making- until the pH gets too low and inhibits growth ( < 6.0). These observations have been 
further tested by using B. linens to make 60% reduced fat Cheddar cheese at the Universityof 
Wisconsin where we have preliminary data suggesting they remain viable in the cheese during 
aging. 
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cheese products will expand the dairy products into new markets for the health conscious 
consumers and draw many consumers, that quit consuming cheese due to fat content, back to 
eating dairy products. 
Deliverables: 
This study will provide information regarding the end-products of primary proteolysis that 
have a role in Cheddar cheese flavor and texture development. This work will also determine 
the industrial applicability for the use of these genetically modified starter cultures for 
commercial 50% reduced fat cheese production. 
Publications: 
Dias, B., and B. Weimer. 1993. Peptidase activity if adjunct lactobacilli used in the 
manufacture of low fat Cheddar cheese. J Dairy Sci. 76 (Supp. 1):122. 
B. Dias, M. Ummadi, and B. Weimer. 1994. Characterization and comparison of 
aminopeptidase and lipase activity among Lactococcus lactis ssp. cremoris, Lactobacillus 
helveticus, and Brevibacterium linens. Poster presentation at American Society for Microbiology 
annual meetings. 
LeFevre, M., and B. Weimer. 1993. Metabolic characterization of low fat Cheddar cheese 
starter cultures. J Dairy Sci. 76 (Supp. 1):130. 
Strickland, M. and B. Weimer. 1994. Use of capillary electrophoresis for detection of 
phenylalanine, tyrosine, tryptophan, indole, skatol, p-cresol, caseins, and peptides in Cheddar 
cheese. J. Dairy Sci. 72 (suppl. 1):39 
Alleyne, C., M. LeFevre, D. McMahon, and B. Weimer. 1995. Microstructure and enzymology of lo' 
fat Cheddar cheese made with commerical fat replacers and adjunct bateria. In prep . 
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Glucosidase activity was strain dependent in the laboratory. Three strains of the 
adjunct contained a- and ~-galactosidase activity, suggesting that these strains can grow in 
milk via sugar metabolism as do the starter cultures. The other strains B. linens contained little 
glucosidase activity, indicating that they must use amino acids as the carbon source in milk if 
starch-based fat replacers are not added. These data suggest that if the enzyme is present in 
the starter then carbohydrate-based fat replacer will be degraded. Low fat Cheddar cheese 
made with strains exhibiting glucosidase activity was made and used for analysis with 
electron microscopy, bacterial enzymes, and capillary electrophoresis. Results confirm the 
hypothesis that the fat replacer will be degraded which will lead to increased acid production 
with carbohydrate-based fat replacers and unknown effects with protein-based fat replacers. It 
is currently thought that the amino acids will be degraded to other flavors - some good and 
some bad. The mechanisms for amino acid catabolism are not understood for cheese systems. 
Limited examples are known regarding specific amino acids and their associated flavor 
compound. The prime examples are methionine to methanethiol - a known desirable flavor 
aromatic amino acids to p-cresol, indole, and skatole - all of which are responsible for unclean 
and bamy flavors. 
Utilization of Milk: 
A strong interest exists within the dairy industry to produce high quality products for 
consumers wishing to reduce dietary fat intake. Manufacture of high quality low fat cheese 
has proven difficult, however, and these products typically lack the characteristic flavor and 
texture of full fat cheese. The texture of low fat cheese is often curdy and gummy as well due 
to a ratio of protein to fat. Low fat cheeses are generally more susceptible to off-flavor 
development with bitterness and meaty-brothy flavors being the most common flavor defects. 
These problems have been complicated further by the finding that starter cultures and growth 
media, which performed well for the production of full-fat cheese, contribute to off-flavor 
development in low fat varieties. As a result, there is a urgent need to develop cheese starter 
cultures which will improve the flavor and textural qualities of low fat cheese. 
The cheese flavor is an international concern that has been studied for about 50 years 
with little progress (P. F. Fox, personal communication, 1994). The renewed interest and 
importance of improving cheese flavor is highlighted by the Dairy Management, Inc. (DMI) 
inclusion of low fat cheese flavor in their list of priorities for 1995. The approach outlined in 
this letter of intent is significantly different from past studies regarding cheese flavor. Since 
we are no further in solving or predicting flavor than we were when this type of research 
began 50 years ago, I believe it is for a new approach to the problem. Successful completion of 
• this proposal will lead to a systematic scheme to select starter cultures that improve flavor and 
offer greater product consistency which will improve cheese flavor. Better tasting low fat 
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Figure 1. Scanning EM of Cheddar cheese made with (a) 
no fat replacer; (b) Novagel; (c) Simplesse; (d) 
Stellar; (e) Slendid. Mb = fat membrane, Fr = fat 
replacer 
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Figure 2. Scanning EM of 
Cheddar cheese made with 
Novagel showing L. lactis 
ssp. cremoris and B. linens. 
L = starter (L. cremoris) 
B = adjunct (B. linens) 
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Production of extracellular proteases of Brevibacterium linens for use in low fat cheese 
Introduction: 
Studies of cheese flavor and texture development reveal these properties are 
largely the result of microbial activity in the aging curd. Biochemical reactions that 
occur during cheese ripening and lead to cheese flavor and texture development 
include glycolysis, proteolysis, and lipolysis primarily, but undefined secondary 
reactions (such as amino acid metabolism) are important as well (Fox et al., 1993). 
• Analysis of microbial enzymes in cheese maturation indicates microbial hydrolysis of 
milk proteins strongly influence cheese flavor development (Adda et al., 1982; Ardo et 
al., 1989; El Soda and Pandian, 1991; Fox et al., 1993; Law, 1987; McGarry et al., 1994; 
Olson, 1990; Seitz, 1990). As a result, considerable interest has focused on the 
enzymology and molecular biology of lactococcal proteinases and the impact these 
enzymes have on desirable flavors and bitterness (Kok, 1990; Olsen, 1990; Thomas and 
Mills, 1981). Additionally, free amino acids are thought to be precursors for 
background cheese flavor compounds, but the mechanisms are undefined (Adda et al., 
1982; Law, 1987 & 1992; Olson, 1990). Although most investigators agree peptidases are 
important to cheese flavor development, little is known about the relative influence 
individual peptidases (Fox et al., 1993), and even less attention has been given to the 
secondary reactions, such as catabolism of amino acids, to flavor compounds in cheese. 
While free amino acids have been linked to cheese flavor intensity and levels change 
during aging, over expression of the predominant aminopeptidase (pepN) in lactococci 
does not influence cheese flavor (McGarry et al, 1994; Steele, 1992), suggesting 
additional mechanisms beyond aminopeptidase activity, free amino acids, and peptides 
are responsible for flavor development . 
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Aging cheese curd is a very harsh environment for microbes. Secondary 
reactions involve uncharacterized biochemical pathways which allow the starter culture 
to contribute to cheese flavors in unique ways which are not evident when they are -
grown using optimal growth conditions in laboratory media. Thomas (1979) observed 
homolactic starters to become heterolactic during carbohydrate limiting growth 
conditions. Industrial observations indicate the best aged Cheddar cheese is most often 
made with Lactococcus lactis ssp. cremoris which is less salt tolerant and lack the ability to 
degrade arginine to ammonia (Sandine, 1985) causing it to appear as if it dies rapidly in 
the curd. These observations have lead the dairy industry to assume starter cultures die 
and lysis during aging. This releases the intracellular contents into the curd thereby 
increasing total proteolysis and leading to a more intense Cheddar flavor (Fox et al., 
1993). However, apparent cell death does not parallel lysis and release of intracellular 
contents (Krishna and Dutta, 1976). 
Lack of flavor development and hard body in reduced fat dairy products is a common 
problem. Highly proteolytic organisms, like Brevibacterium linens, have been used to accelerate 
the ripening of full fat cheese. They sometimes cause too much proteolysis which result in 
strong flavored and soft bodied full fat cheeses. Use of this organism in low fat cheese may 
produce a product which has an acceptable level of flavor and body. We will investigate the 
use of a whey-based medium to produce enzymes that increase flavor development and body 
in Cheddar cheese made with fat replacers. 
Objectives: 
/ 
B. linens produces a variety of serine proteases during different phases of growth 
depending on environmental conditions. We hypothesize that these organisms will be useful 
to produce low fat cheese with acceptable flavor, body, and texture based on the action of 
these proteases to increase primary proteolysis. This hypothesis will be tested by conducting 
the following specific objectives: 
1. Determine the interaction of the rate of proteolysis from proteases produced by 
Brevibacterium linens in the presence of fat replacers and coagulating enzymes in 
milk. 
2. Develop processing parameters required to produce Cheddar cheese with acceptable 
flavor and body using milk fat replacers and proteases from Brevibacterium linens. 
3. Develop a whey-based medium for the production of extracellular proteases by 
Brevibacterium linens . 
27 
• 
• 
• 
Summary of Research Results: 
Nine strains of B. linens have been screened for growth, aminopeptidase (AP), protease, 
lipase, and glucosidase activity with and without starch and protein-based fat replacers. All 
screened activities are strain and fat replacer dependent. Maximum growth occurred between 
36 and 48 hand remained in stationary phase for at least 96 h, when testing was terminated. 
Specific growth rates changed with milk fat and fat replacer concentration, suggesting that the 
influence of this flavor adjunct will depend on which fat replacer is used during cheese 
making. Higher concentrations of fat replacers slowed the growth rate, while at lower 
concentrations fat replacers enhanced the growth rate of all strains tested, indicating that at the 
concentrations of fat replacers used in cheese, B. linens numbers will increase during cheese 
making- until the pH gets too low and inhibits growth(< 6.0). 
Two strains showed the highest extracellular protease activity which developed 
between 48 and 60 h of growth. The activity increased to 96 h when the testing was 
terminated. The protease activity was observed to cycle during the growth period in 
laboratory media, which has been demonstrated by others as well. However, in commercial 
whey-based media intended for lactococci, protease activity was observed until 96 h of growth, 
suggesting that the new media need to be developed. Growth in the presence of the fat 
replacers did not influence production of the extracellular protease. Previous work in my 
laboratory, using a casein-based medium, observed protease activity to occur in 24 h. We 
suspect that the commerciallactococci media were too rich. Experiments are underway to 
confirm this hypothesis. 
Cellular location for different AP activities were determined in laboratory a medium 
with the exocellular and intracellular fractions demonstrating the highest activity. Intracellular 
activity varied with each strain tested. Strain ATCC 8377 contained the highest total activity 
while strain ATCC 9175 contained the least and was almost exclusively valine AP activity. 
Exocellular AP activity was high and all strains contained moderate arginine and lysine AP 
activity, which is different from lactococci where >90% of the AP activity is intracellular and 
little exocellular activity is observed. No strains contained measurable proline or arginine 
carboxypeptidase activity. Total AP activity was comparable to that of Lactobacillus casei and 
Lactobacillus helveticus strains used in low fat cheese manufacture commercially. These data 
suggest that the AP activity of B. linens will be as beneficial as that of lactobacilli and cell lysis 
in cheese is not required to observe the effect. Strains with high total AP activity were used to 
select strains for use in pilot scale 60% reduced fat cheese making at the University of 
Wisconsin. Thus far the results indicate that AP activity is only slightly correlated with 
acceptable flavor at 2 mon, but by 6 mon the correlation is .95; suggesting that AP activity 
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becomes more important as the cheese ages. However, cheese made with B. linens was rated 
as the best by both consumer and trained tasted panels. 
Lipase activity was inversely related to the fatty acid chain length tested. This 
characteristic was Strain dependent with 5 of 9 strains showing high total activity (the sum of 
all nine substrates tested). Butyrate activity was the highest in many stains. Stearate activity 
was the lowest or not detectable in all strains. Strains with high and low total lipase activity 
were used in pilot scale 60% reduced fat cheese making at the University of Wisconsin. Thus 
far the results suggest B. linens strains with high lipase activity will produce high quality, good 
flavored low fat cheese as judged by consumer and trained taste panels. 
Glucosidase activity was strain dependent. Three strains contained a- and 13--
galactosidase activity, suggesting that these strains can grow in milk via lactose utilization. 
The other strains contained little or no glucosidase activity, indicating that they must use 
amino acids as the carbon source in milk if starch-based fat replacers are not added. These 
data suggest that if the enzyme is present in the starter then carbohydrate-based fat replacer 
will be degraded. Low fat Cheddar cheese made with strains exhibiting glucosidase activity 
was made and used for analysis with electron microscopy, bacterial enzymes, and capillary 
electrophoresis. Results confirm the hypothesis that the fat replacer is degraded. 
Use of B. linens with fat replacers in cheese making did not change the gross proteolysis 
(as determined using capillary electrophoresis) pattern in trial cheese made with, suggesting 
that fat replacers will not interfere with primary proteolysis in ripening low fat cheese made 
with B. linens. The texture was observed to be more smooth and less curdy compared to the 
control cheese with 50% reduction in fat and no fat replacer or B. linens added. 
Impact of Research: 
A strong interest exists within the dairy industry to produce high quality 
products for consumers wishing to reduce dietary fat intake. Manufacture of high 
quality low fat cheese has proven difficult, however, and these products typically lack 
the characteristic flavor and texture of full fat cheese. The texture of low fat cheese is 
often curdy and gummy as well due to a ratio of protein to fat. Low fat cheeses are 
generally more susceptible to off-flavor development with bitterness and meaty-brothy 
flavors being the most common flavor defects. These problems have been complicated 
further by the finding that starter cultures and growth media, which performed well for 
the production of full-fat cheese, contribute to off-flavor development in low fat 
varieties. As a result, there is a urgent need to develop cheese starter cultures which 
will improve the flavor and textural qualities of low fat cheese . 
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The cheese flavor is an international concern that has been studied for about 50 years 
with little progress (P. F. Fox, personal communication, 1994). The renewed interest and 
importance of improving cheese flavor is highlighted by the Dairy Management, Inc. (DMI) 
inclusion of low fat cheese flavor in their list of priorities for 1995. The approach outlined in 
this letter of intent is significantly different from past studies regarding cheese flavor. Since 
we are no further in solving or predicting flavor than we were when this type of research 
began 50 years ago, I believe it is for a new approach to the problem. Successful completion of 
this proposal will lead to a systematic scheme to select starter cultures that improve flavor and 
offer greater product consistency which will improve cheese flavor. Better tasting low fat 
cheese products will expand the dairy products into new markets for the health conscious 
consumers and draw many consumers, that quit consuming cheese due to fat content, back to 
eating dairy products. 
These data have provided information about the metabolic characteristics of B. linens 
that impact low fat cheese flavor. Based on these data strain selection of B. linens for use in low 
fat cheese production is critical to achieve an acceptable finished product. The strain selected 
for initial cheese trials produced an acceptable flavor at 1 mon, but at 2 mon the flavor was too 
bitter and rancid. Small scale cheese trials are continuing using different strain combinations 
to produce a balanced, aged 50% reduced Cheddar cheese . 
Publications: 
Dias, B., and B. Weimer. 1993. Peptidase activity if adjunct lactobacilli used in the 
manufacture of low fat Cheddar cheese. J Dairy Sci. 76 (Supp. 1):122. 
B. Dias, M. Ummadi, and B. Weimer. 1994. Characterization and comparison of 
aminopeptidase and lipase activity among Lactococcus lactis ssp. cremoris, Lactobacillus 
helveticus, and Brevibacterium linens. Poster presentation at American Society for 
Microbiology annual meetings. 
LeFevre, M., and B. Weimer. 1993. Metabolic characterization of low fat Cheddar 
cheese starter cultures. J Dairy Sci. 76 (Supp. 1):130. 
C. Beer, B. Weimer, and R. J. Brown. 1994. Phenotypic characterization of lactase and 
proteinase activity in mutants of Lactococcus lactis ssp.lactis with different lactose and 
proteinase genotypes. Poster presentation at American Society for Microbiology annual 
meetings. 
M. Strickland and B. Weimer. 1994. Use of capillary electrophoresis for detection of 
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Alleyne, C., M. LeFevre, D. McMahon, and B. Weimer. 1995. Microstructure and enzymology 
of low-fat Cheddar cheese made with commerical fat replacers and adjunct bateria. In prep. 
Another publication deacribing and comparing aminopeptidase and lipase activity in starters and 
adjunct bacteriawas stopped and integrated into the lareger low fat project which is a collaboration with 
University of Wisconsin - Madison. 
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Introduction 
Bacteriophage-resistance gene replacement in 
Lactococcus lactis 
Bruce Geller 
Department of Microbiology 
Oregon State University 
Western Center for Dairy Protein Research and Technology 
My lab has cloned and sequenced a gene from Lactococcus lactis, called pip, 
which is required for bacteriophage infection. We have tested approximately 15 
phages that attack our test strain (L. lactis ssp. lactis C2), and all but one phage (sk1) 
is completely resistant to the strain with a mutated pip. In addition, we have evidence 
that pip is required for phage infection of other strains. 
The project is beginning its third year, and is in the process of creating better 
phage-resistant strains than are currently available. This is being done by exchanging 
a mutated copy of pip with the normal copy of pip in the phagesensitive strain. The 
methods we are using for genetic exchange will allow the introduction of the mutated 
pip into many different strains of L. lactis. This should make it easy to convert any 
existing strain to a phage-resistant strain by exchanging pip. 
Specific Objectives 
The primary objective of the proposed research is: To replace the wild-type 
chromosomal pip gene with a mutated copy, in order to create a stable, phageresistant 
strain. 
Strategically, the intermediate aims necessary to attain the primary objective 
are: 
a. To make in vitro mutations in the cloned gene required for phage infections. 
b. To insert the mutated copies of pip into the chromosome and exchange it with 
the wild-type gene. 
c. To test the different mutants for viability, phage resistance, and growth 
characteristics favorable to cheese-making . 
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Significance 
_ Phage infection of cheese and other dairy fermentations is the most significant 
cause of ruined fermented milk products. Because nearly 30 % of the raw milk 
produced in the United States is used to make cheese, even a small percentage of the 
milk ruined by phage contamination represents a large quantity of lost milk, as well as 
lost profits and higher consumer costs. Often the product of failed cheese 
fermentations must be disposed of entirely, or sold at a small fraction of what high 
quality products command. Reduction or elimination of this problem would decrease 
the waste of milk, and through economic means, would increase the consumption by 
humans. 
The proposed research would create new strains of lactic bacteria for starter 
cultures that are more phage-resistant than currently available. This strain 
improvement project differs significantly from those in the past, in that it proposes to 
use molecular genetic engineering techniques to introduce mutational changes not 
practically possible by conventional strain improvement technology. It must be 
emphasized that these genetically engineered strains would contain no foreign DNA, 
no additional DNA of any kind, and would be food-grade organisms according to 
current FDA rules. 
The proposed research plans to take what we have learned from our basic 
research on phage infections and apply it to the development of new strains. The new 
strains will be tested for their growth characteristics necessary to make cheese. This 
testing includes the effects of the new strains on milk proteins, such as the casein 
proteolytic activities and coagulation times. In this way, the aims of the proposed 
research are very much in keeping with the focus of the Western Center for Dairy 
Protein Research and Technology. 
Results 
A mutated copy of pip has been exchanged for the wild type pip in a laboratory 
strain (LM2301 ). This was clearly shown by analytical PCR, Southern blot analysis, 
and DNA sequencing. Moreover, all the "foreign" DNA used to construct the strain was 
removed, as shown by analytical PCR. Thus, the pip-exchanged strain is food-grade, 
according to FDA standards. The pip-exchanged strain carries a genetic marker, which 
is used for identification. 
The pip-exchanged strain is viable, indicating that pip is not required for 
viability. The pip-exchanged strain has a doubling time of 52 minutes in rich medium, 
as compared to 39 minutes for the isogenic, wild-type control. The pip-exchanged 
strain is resistant to all the same phages as the spontaneous pip mutant. 
The mutated copy of pip is currently being moved into other strains, including 
Lactococcus lactis ssp. cremoris, and biovar. diacetylactis. 
Deliverables 
For FY95 (07\01\94-06\30\95), the deliverables are: 
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1 . A "food-grade", mutated copy of pip, that can be used to integrate into the 
chromosome of Lactococcus lactis and replace the wild-type copy of pip, without 
leaving any foreign DNA in the chromosome. 
2. A strain with the "food-grade", mutated copy of pip inserted into the chromosome 
and substituted for the wild-type copy. 
3. A test of the pip-substituted strain described above. This will include tests of 
phage resistance and other favorable cheese-making characteristics . 
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Project Title: Development of high protein low fat fermented dairy 
foods from yogurt-cheese. 
Personnel: 
Funding: 
Objectives: 
Conly L. Hansen, Professor, Dept. of Nutrition and 
Food Sciences, Utah State University 
Yehia A. El-Samraqy, Visiting Professor, Dept. of 
Nutrition and Food sciences, Utah State University 
Western Center 
Technology and 
Station 
for Dairy Protein 
utah Agricultural 
Research and 
Experimental 
The main objective of this research project is to develop a 
process to use yogurt-cheese manufactured from low fat milk 
retentate as the principal base ingredient to produce new fermented 
dairy foods. The new products will be characterized with a high 
protein and low fat content. The possibilities of the 
fortification of the new products with different additives such as 
flavors, fruits, vegetables, etc., will be emphasized. This will 
increase the consumer acceptance to this product and will meet a 
wide range of nutritional and organoleptic qualities being demanded 
by different types of consumers according to age, sex, health, and 
national origin. 
1. Develop high protein, low fat, yogurt-cheese from skim milk 
retentate and do a sensory evaluation on the product. 
2. create new dairy products using yogurt-cheese as a dairy base 
ingredient and do a sensory evaluation on the new food 
products. 
3. Evaluate the chemical, microbiological and sensory changes in 
the new dairy foods during storage. 
Results: 
Table 1 indicates the gross composition of soft cheese like 
product and Cheddar cheese like spread. 
The firmness and water-holding capacity of soft cheese like 
product were close to that determined for Cheddar cheese like 
spread (data not shown). The total solids content was within a 
very narrow range of 21.81 to 21.84%, respectively (Table 1). 
Some preliminary trials were carried out to organoleptically 
evaluate the new product in a plain form called yogurt cheese. 
Taste panelists seemed to get confused because they directed their 
minds to yogurt more than cheese or something in between yogurt and 
cheese. We have got a general comment that they want this product 
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in a flavored form more than in a plain form. This feed back made 
us change our way of presenting this product to call it soft cheese 
like product when made in a plain form. Also, we presented it a 
flavored form using natural Cheddar cheese flavor and a yellow food 
grade color and called it Cheddar cheese like spread. 
Data presented in Tables 2 and 3 summarize the response of the 
panelists to the two forms of this new fermented dairy food. The 
scores of the panelists for soft cheese like product were in the 
positive side for appearance (74%), flavor (70%), richness (66%), 
spreadability (58%) and overall acceptability (72%) (Table 3). The 
scores for the Cheddar cheese like product were in the positive 
side also, for appearance (70%), richness (54%), spreadability 
(54%), flavor (56%) and overall acceptability (58%) (Table 3). The 
score for the overall acceptability of the Cheddar cheese like 
spread was less than the soft cheese like product. This might be 
explained from the fact that the American consumer used to have the 
Cheddar cheese in a hard form with flavor ranging from mild to 
extra sharp. Perhaps using real pieces of fruit or vegetables 
along with flavor will be more acceptable to the consumer. 
Significance: 
This project will develop a method to manufacture from 
ultrafiltered skim and/or low fat milk a "yogurt-cheese" with a 
high protein and non-fat or low fat content. The plain form of 
yogurt-cheese will be flavored andfor have fruits added to produce 
a new dairy food that can be eaten alone as a healthy dairy food or 
served in many ways such as a salad dressing. This product should 
be well received by consumers because it will meet a wide range of 
nutritional and organoleptic qualities being requested by consumers 
of all ages, health status, sex and cultures. 
The overall results of this proposal will increase milk usage by 
opening new markets for dairy products with unique properties which 
will lead to increased profits for the dairy producer. 
Deliverable 
1. The plain form of this high protein, low fat fermented dairy 
product manufactured from ultrafiltered low fat milk can be 
used as a dairy ingredient. 
2. It can be Cheddar cheese flavored as was done in the current 
work or have fruits, vegetables or spices added to produce 
other new dairy foods, as we are working on now. 
3. These can be eaten alone or as healthy dairy foods or served 
in many ways such as a salad dressing. 
We think that this product should be well received by consumers 
because it will meet a wide range of nutritional and organoleptic 
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qualities being requested by consumers of all ages, health status, 
sex and cultures. 
Publications: 
El-Samragy, Y. A. and c. L. Hansen. 1994. 
sensory Characteristics, Physical Properties and composition of a 
New, High Protein, Low Fat, Fermented Dairy Food. 
Abstract. Presented at the 89ili Annual Meeting of the American Dairy 
science Association (ADSA), Minneapolis, Minnesota, July 1994. 
Table 1: Gross composition of soft cheese like product and Cheddar 
cheese like spread. 
Soft cheese Cheddar 
Item like product spread like 
spread 
Total solids(%) 21.81 21.84 
Protein (%) 11.39 11.30 
Fat (%) 3.45 3.53 
Lactose (%) 4.64 4.72 
Ash (%) 1.69 1.65 
Salt (%) 0.64 0.64 
Titratable acidity (%) 1.30 1.34 
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Table 2: Panelists score of sensory evaluation of soft cheese like product. 
Like very Like Like Dislike Dislike Dislike Total 
Property much moderately slightly slightly moderately very much 
No ~ 0 No % No ~ 0 No ~ 0 No ~ 0 No ~ 0 No ~ 0 
Appearance 1 2 17 34 19 38 12 24 1 2 0 0 50 100 
Flavor 1 2 17 34 17 34 12 24 3 6 0 0 50 100 
Richness 0 0 15 30 18 36 12 24 5 10 0 0 50 100 
Spreadability 0 0 8 16 21 42 14 28 7 14 0 0 50 100 
Overall 0 0 15 30 21 42 7 14 7 14 0 0 50 100 
acceptability 
Table 3: Panelists score of sensory evaluation of Cheddar cheese like spread. 
Like very Like Like Dislike Dislike Dislike Total 
Property much moderately slightly slightly moderately very much 
No ~ 0 No ~ 0 No ~ 0 No ~ 0 No % No ~ 0 No ~ 0 
Appearance 6 12 20 40 14 28 8 16 2 4 0 0 0 100 
Flavor 2 4 12 24 14 28 13 26 6 12 3 6 0 100 
Richness 2 4 5 10 20 40 13 26 9 18 1 2 0 100 
Spreadability 4 8 11 22 12 24 17 34 5 10 1 2 0 100 
Overall 1 2 19 38 9 18 8 16 12 24 1 2 0 100 
acceptability 
• 
Extrusion of skim milk protein 
Report to the western dairy foods research center 
Conly L Hansen, Principal Investigator 
INTRODUCTION 
Extrusion processing has found widespread application in the food industry. It's used 
in restructuring proteinaceous and starchy materials into a variety of products such as: 
breakfast cereals, noodles and pasta, snack foods, confectionery, pet foods, and texturized 
proteins. 
Consumers are becoming increasingly aware of the nutritional importance of proteins, 
vitamins, and minerals. New products may require the addition of selected sources of 
proteins. The challenge, therefore, lies in fabricating foods that combine nutrition, 
convenience and desirable sensory attributes. The use of some dairy commodities in 
extruded products has been shown to affect desirable qualities such as flavor, texture, 
appearance, and nutritional content. These dairy products include whole milk powder, casein 
powder, and whey proteins. However, incorporation of skim milk powder into extruded 
• food products lacks sufficient research. 
• 
OBJECTIVES 
1. To study the effects of moisture content, protein content lactose/protein ratio, and feed 
rate on the physical, functional, and microstructural attributes of extruded corn starch-
skim milk powder blends. 
2. To determine extrusion conditions most likely to produce extrudates with properties 
suitable for a snack type product. 
RESULTS 
Expansion Ratio (ER) 
Moisture content had a significant linear and quadratic effect on ER and also a 
significant interaction effect with feed rate. 
ER decreased with increase in moisture content until 26%-27% moisture content, then 
increased slightly at high moisture content. At low moisture content, ER decreased slightly 
at higher feed rates, but at high moisture content the trend was reversed. 
Product Temperature 
Product temperature (PT) was influenced by all control variables except feed rate (Table 
2). PT decreased with increased moisture and protein content (Figure 3), and with increase 
in lactose/protein ratio. There were also significant interactions between moisture content 
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Bulk Density 
Moisture content was the only control variable affecting bulk density (BD), although 
protein content had a significant second order term. 
Color 
Moisture content was the dominating variable, having significant linear and quadratic 
effects and an interaction effect with feed rate. Protein content also had a significant linear 
effect. 
Color decreased with increase in moisture until 26%-27% moisture content and then 
increased slightly at high moisture content. Color increased with increase in protein content, 
and was maximum at low moisture content and low feed rate. 
Shear Stress 
Moisture and protein content were influencing variables on shear stress, both having 
significant linear effects. Sheer stress increased with increase in moisture content, and 
decreased with increase in protein content. 
Viscosity 
Viscosity increased with increase in moisture content up to 28% moisture, then 
decreased at very high moisture content. Viscosity was maximum at 26%-28% moisture 
content with low protein content, and at 26%-28% moisture content with low lactose/protein 
ratio. Viscosity decreased with increase in protein content and with increase in 
lactose/protein ratio. There was also a significant interaction effect between protein content 
and lactose/protein ratio . 
Water Absorption Index (W AO 
W AI increased with increase in moisture content until 26%-28% moisture, then 
decreased at high moisture content. W AI decreased with increase in protein content, and 
decreased with increase in lactose/protein ratio. The effect was pronounced at high moisture 
content. There were significant interaction effects between moisture content and feed rate, 
and between moisture content and lactose/protein ratio. WAI was maximum at 26%-28% 
moisture content with high feed rate, and at 26%-28% moisture content with low 
lactose/protein ratio. 
Model Adequacy 
A quadratic model of the form given below expressed the response variables in terms of 
the control variables. 
Y = bo + b1x1 + b2x2 + b3x3 + b4x4 + b12x1x2 + b13x1x3 + b14x1x4 + b23x2x3 + b24x2x4 + 
b34x3x4 + b11x12 + b22xl + b33xl + b44x/ 
where 
y denotes response variable, 
x1 denotes moisture content, 
x2 denotes protein content, 
x3 denotes lactose/protein ratio, 
x4 denotes feed rate, and 
bi and bii denote regression coefficients . 
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Optimum Extrusion Conditions 
Optimum extrusion conditions were d~termined for a snack type product. The response 
variables were either maximized or minimized. The optimum extrusion conditions for each 
response variable were different. Because ER, BD and shear stress were observed to be 
correlated to each other, these properties along with color, were chosen to determine 
conditions for a snack type product. The combined set of extrusion conditions included: 
20% moisture content, 16% protein content, 0.347 lactose/protein ratio, and 55.0 gm/min 
feed rate. 
SIGNIFICANCE 
The demand for convenience-type foods that combine nutrition with desirable sensory 
attributes is increasing rapidly. American consumers are increasingly aware of the 
nutritional importance of proteins, vitamins and minerals, and are avoiding foods containing 
excess calories and saturated fats. Production of skim milk protein is an established segment 
of the dairy industry. But foods without acceptable appearance, flavor and texture will not 
be successful, regardless of nutritional quality. The challenge, therefore, lies in fabricating 
foods that combine nutrition, desirable sensory attributes and convenience. Extrusion 
processing offers a unique method of producing nutritious foods that will be readily accepted. 
Whey proteins can be restructured by extrusion for use in fabricated food products. This 
versatile method has found widespread application in the food industry for restructuring 
proteinaceous and starchy materials into a variety of fabricated, cooked and shaped products 
of varying texture. The extrusion process when developed will expand the utilization of milk 
products in food. 
Not much research has been devoted to explaining what underlying molecular 
occurrences during extrusion cause the observed functional property changes of dairy 
macromolecules. Also, research specifically designed to modify milk proteins to lend itself 
more readily for inclusion in new food products is lacking. This research will help open the 
way for more applied research in extruded dairy product development. 
DELIVERABLES 
The purpose of this project was to gather data that will lead to production of a product. 
We could not consider development of a product until we understood more about how dairy 
components will respond to various extrusion conditions. We now have a project from the 
National Dairy Board to develop a relatively high fat extruded product and are asking the 
Western Center for support to develop a low fat extruded product. 
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• Project Title: Purification of Monospecific Polyclonal Antibodies 
from Bovine Cheese Whey 
Personnel: 
Funding: 
Premysl Konecny, Biotechnology Center, Utah State University, Logan, UT 
William H. Scouten, Biotechnology Center, Utah State University, Logan, UT 
Rodney J. Brown, College of Agriculture, Utah State University, Logan, UT 
Western Center for Dairy Protein Research and Technology 
Introduction: Whey is a very rich source of proteins, the total protein content of sweet whey 
is 6-8 giL. Immunoglobulins (mainly immunoglobulin G) form about 10% of this amount. 
Common immunoglobulins, naturally present in whey, can be used as dietary supplement to 
prevent or reduce bacterial or viral infections in newborn animals. Whey could also serve as a 
source of valuable monospecific polyclonal antibodies, which can be produced in cows. This study 
investigated purification of immunoglobulin G using a highly selective method of thiophilic 
chromatography. In the main part of this project we focused on production of monospecific 
polyclonal antibodies in milk and their purification from whey using immunoaffinity 
• chromatography. These antibodies can be used instead of similar antibodies produced in other 
animal species and isolated from blood serum. 
Objectives: The goals of this research are production of monospecific polyclonal antibodies 
in bovine milk, and purification of these antibodies from cheese whey. The 
specific objectives of this study are as follows: 
1. Optimize antibody titers in bovine milk by testing various immunization schemes. 
2. Develop a purification method using affmity chromatography with immobilized antigens for 
purifying antibodies from whey. 
Results: Dairy cows were immunized with mouse immunoglobulin G (IgG) and 
dinitrophenyl-keyhole limpet hemocyanin (DNP-KLH). Antibodies to these antigens were detected 
in both sera and milk, which was subsequently processed into whey. Anti-mouse IgG titers peaked 
two weeks after the second and third booster injections, the titers in whey were 1/160 on days 55, 
83 and 90. Levels of anti-DNP antibody were enhanced after the second booster, when titers 
reached 1/1280 and 1/640 on days 45-62. Bovine anti-mouse IgG and anti-DNP antibodies were 
then purified from the hyperimmune whey by immunoaffinity chromatography on matrices with 
• the immobilized antigens. 
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• We immobilized mouse IgG and DNP groups separately on Emphaze™ Biosupport 
Medium AB 1, a sturdy, chemically and mechanically resistant matrix allowing high flow-rates. 
Mouse IgG was bound with a high (82-91%) efficiency. DNP groups were immobilized on bovine 
serum albumin attached to Emphaze. Bovine anti-DNP antibody was purified on Emphaze-BSA-
DNP column 100-130 times by a single chromatographic run. The dynamic capacity of Emphaze-
BSA-DNP column for the anti-DNP antibody was approximately 1.1 mg/ml gel. 
Bovine anti-mouse IgG antibody was purified from hyperimmune whey by a single pass 
through the Emphaze-mouse IgG column, equilibrated at pH 6.7, similar to the pH of sweet whey 
(6.0-6.7). Release of the anti-mouse IgG antibody required low pH (2.9) elution. Since antibodies 
are prone to loss of reactivity at acidic conditions, the pH of the eluant was adjusted to neutral after 
the elution. In a typical run, 1 L of whey was passed through Emphaze-mouse IgG column (4.9 
ml) and yielded 8.1-8. 7 mg of the antibody in the eluate. Based on ELISA measurements, we 
determined that the dynamic capacity of Emphaze-mouse IgG column at a linear flow rate of 215 
cm/h was 1.5 mg of bovine anti-mouse IgG per ml gel. 
A single Emphaze-mouse IgG chromatography purified the anti-mouse IgG antibody by a 
factor of 380. Immunoelectrophoresis and SDS-PAGE (sodium dodecylsulfate-polyacrylamide gel 
• electrophoresis) showed high purity of the preparation. Traces of lactoferrin were the only 
contaminant visible in SDS-PAGE. It was possible to remove lactoferrin by a high concentration 
salt wash (1.0 M NaCl I equilibration buffer), but this step is probably not necessary since it 
complicates the purification and does not appreciably improve the purity of the fmal preparation. 
Sandwich ELISA tests were conducted under identical conditions using anti-mouse IgG 
isolated from whey and a commercial goat anti-mouse IgG as primary antibodies used at the same 
concentration for coating ELISA plates. Assays were linear in the range of 0.6-80 ~g mouse IgG 
per ml at a primary antibody concentration of 0.001 mg/ml. The bovine anti-mouse IgG antibody 
from whey showed the same activity and reacted with its antigen as the commercial goat antibody. 
Conclusion: Immunization of dairy cows with two different antigens (mouse IgG and DNP-
KLH) showed that specific polyclonal antibodies could be produced in milk. The antibodies 
remained in whey after cheesemaking and were isolated by immunoaffinity chromatography, 
which employed matrices with the immobilized antigens. Bovine anti-mouse IgG and anti-DNP 
antibodies were essentially pure, as determined by ELISA, immunoelectrophoresis and SDS-
PAGE, and both antibodies were functional. We demonstrated that bovine anti-mouse IgG 
antibody could be used as a substitute for a commercial product, derived from goat serum, in 
• ELISA in IgG-type monoclonal antibody screening. Thus, polyclonal antibodies against various 
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antigens produced in cattle and isolated from whey might be employed in diagnostic assays. 
Antibody titers in whey were low compared to titers in blood sera, but whey is, unlike 
serum, available in large quantities. Hyperimmune milk will be preferably processed separately. 
Ultrafiltration can reduce the volume of whey to 20-10% of its original volume. No additional 
pretreatment of whey will be necessary. Affinity chromatography has a high potential for large-
scale downstream processing and implementing it would be a feasible task. The purification 
procedure we developed essentially requires only one passage through an immunoaffinity column. 
The column could be incorporated into the processing or utilized as a peripheral processing feature. 
Significance to the Dairy Industry: 
Large amounts of hyperimmune whey could serve as an inexpensive source of 
monospecillc polyclonal antibodies. These. antibodies are extensively used in medical diagnostics, 
research and therapy. They are also essential tools in cell biology, immunohistochemistry and 
biotechnology. These antibodies purified from whey will compete with antibodies isolated from 
blood serum, and can be profitably marketed at prices lower than charged for antibodies derived 
from serum. Preliminary calculations have shown cost effectivness of this production, from which 
• the dairy industry will benefit 
• 
Publications: 
P. Konecny, R.J. Brown, W.H. Scouten, Purification ofmonospecillc polyclonal antibodies from 
hyperimmune bovine whey using immunoaffinity chromatography, submitted for publication, J. 
Biotechnol. (1995). 
P. Konecny, R.J. Brown, W.H. Scouten, Monospeciflc polyclonal antibodies from hyperimmune 
inilk, U.S. Pat. Appl. (1995). 
P. Konecny, R.J. Brown, W.H. Scouten, Chromatographic purification of immunoglobulin G 
from bovine milk whey, J. Chromatogr., 673, 45-53 (1994). 
Presentations: 
P. Konecny, R.J. Brown, W.H. Scouten, Purification of polyclonal antibodies from whey by 
immunoaffmity chromatography, lith International Symposium on Affmity Chromatography and 
Biological Recognition, San Antonio, TX, U.S.A., 1995. 
P. Konecny, R.J. Brown, W.H. Scouten, Purification ofmonospecillc polyclonal antibodies from 
whey by immunoaffinity chromatography, 209th American Chemical Society National Meeting, 
Anaheim, CA, U.S.A., 1995. 
P. Konecny, W.H. Scouten, Chromatographic purification of lgG from bovine milk whey, 207th 
American Chemical Society National Meeting, San Diego, CA, U.S.A., 1994. 
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Project· Title: 
Personnel: 
Funding: 
Influence of increased milk fat interfacial area and 
surfactant proteins on attributes and acceptability 
of fat reduced cheddar cheese. 
Lynn V. Ogden, Food Science and Nutrition Dept., Brigham 
Young University. 
Western Center for Dairy Protein Research and 
Technology. 
Objective: 
To learn if homogenization of cream used to standardize skim for cheese 
making will result in better cheddar flavor development and otherwise improve the 
acceptability of the cheese. Also to investigate the effect of different surfactant proteins 
and protein free surfactants in the cream. 
Results: . 
Replicate 50 gallon batches of Cheddar cheese were made in May with two 
levels of fat reduction using homogenized creams. Serum proteins, whey proteins, 
and polysorbate 80 were used as the surfactants. Full and reduced fat 
unhomogenized controls were included. Mark Johnson's make procedure for the fat-
reduced cheeses was used. Initial analysis included milk, whey and cheese 
composition, pH, fat globule size, Amino peptidase, lipase/esterase, aromatic amino 
acids and their metabolities and peptides. Starter, adjunct and non-starter lactic acid 
bacteria (NSLABS) were enumerated in the cheese. The cheese was analyzed at two 
months and will be analyzed at 4 and 6 months. Analysis of cheese includes: pH, 
objective texture analysis, consumer acceptance, sensory descriptive, Amino 
peptidases, lipase/esterase activity, aromatic amino acids and their metabolites and 
their peptides. It also includes enumeration of starter, adjunct and NSLAB bacteria . 
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.roject Title: Casein modification in skim milk for improved color/body for spray drying 
and use in frozen/fermented dairy products 
Personnel: 
Funding: 
Objective: 
Lynn v. O~den, Food Science and Nutrition Dept., Brigham Young University 
Paul Savello, Nutrition and Food Sciences Dept., Utah State University 
Western Center for Dairy Protein Research and Technology 
Dr. Savello was granted a patent in November of 1994 (5,368,869) for a method to treat 
skim milk to achieve increased creaminess, color, and mouthfeel. The process reportedly results 
in skim milk with the appearance of 2% milk. The objectives of this project are to investigate 
application of this technology to spray drying, rehydration and subsequent use in frozen and 
cultured products. The specific objectives are to: 
1. Determine the effect of degree of hydrolysis and clotting enzyme on the physical 
and sensory properties of treated spray dried reconstituted skim milk powder. 
Properties will be compared to powder from untreated skim milk. 
2. Compare physical and sensory properties of fat reduced ice cream and yogurt 
made with treated and untreated skim powder to learn if the added richness is 
evident and beneficial in products . 
• 3. Determine the optimum degree of hydrolysis of K-casein hydrolysis required to enhance the physical and sensory properties. 
• 
Results: 
Work was recently initiated at BYU upon notification of approval in March 1995. 
Initially we are learning to practice the invention using a 2°C batch reaction and an application of 
.02 to .04% chymosin for 20 to 60 minutes. The reaction is stopped by heat denaturation of the 
chymosin in a lab scale plate pasteurizer at 77°C. Fluid product is being compared with product 
made at Utah State on an experimental continuous system where the reaction temperatures and 
times are 27 to 32°C for 3 to 5 minutes. The suitability of a Hunter Colorimeter at BYU to make 
color comparisons is being evaluated. Color comparisons are made at USU using an Omnispec. 
The suitability of the 15% TCA soluble non-protein nitrogen as an indicator of degree of 
hydrolysis is being evaluated. 
Once we are making product that represents optimum practice of the invention, product 
will be prepared at a range of hydrolysis levels and with three milk clotting enzymes for 
evaluation as rehydrated beverage milk and as ingredients in frozen and cultured products . 
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• Project Title: Protein and Mineral Distribution in the Bovine Casein Micelle. 
• 
• 
Personnel: 
Funding: 
Donald 1. McMahon 
Constance V. McManus 
Nutrition and Food Sciences Dept. Utah State University 
William R. McManus 
Biology Dept. Utah State University 
Western Center for Dairy Protein Research and Technology 
Utah Agricultural Experiment Station 
Objective, Year 1: A. To determine optimal fixation methods for raw and cooled milks, 
retaining relative distribution and shape of proteins, antigenic 
activity of proteins and retaining mineral constituents of the casein 
micelle. 
Results: 
Effects of Fixation on Casein Micelle Proteins 
Experimentation has been conducted to determine the appropriate protein preservation of 
the casein micelle for electron microscopic examination. 
Buffering of the milk prior to, and during fixation is critical in the maintenance of the native 
casein protein distributions within the casein micelle. The loss of calcium and/or 
phosphorus, due to pH or osmotic change will cause the removal of proteins from the 
casein micelle. 
Temperature is also an important factor, as cooling the milk will remove ~-casein and 
heating may incorporate whey proteins into the casein micelle. Optimal buffering of the 
milk was obtained with direct addition of concentrated fixative to the milk. Due to the fact 
the aldehyde complexing is relatively slow, mixing and thus dilution of the concentrated 
fixative can be achieved prior to chemical fixation of the proteins. Because only a small 
amount of concentrated fixative is added to the milk, buffering capacity and osmolality are 
retained. This procedure results in a preservation of the casein micelle which demonstrates 
an open protein structure, with detail throughout the casein micelle. The utilization of 
standard electron microscopic buffers (phosphate, cacodylate) yielded condensed, and 
flocculated-appearing proteins. Solidification of milk with warm agar prior to fixation was 
shown to modify protein structure, yielding condensed casein micelles. Several chemical 
fixatives, at different concentrations were examined. The variations in protein preservation 
from these various fiXations are not readily discernible. 
Retention of Anti~enic Activity of Proteins . 
ELISA testing has been utilized to determine antigenic activity of the casein proteins 
following various fixation regimes. 4% formaldehyde yielded optimal results, retaining 
good structural preservation with only minimal antigenic loss . 
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Retention of Mineral Constituents in and Preparation of Casein Micelles for Examination by 
Electron Spectro~raphic Imagezy. ESI. of Calcium and Phosphorus 
Direct absorption of casein micelles to carbon-coated grids in conjunction with short water 
rinsing and freeze-drying has been utilized to retain the colloidally-bound calcium 
phosphate in the casein micelles. A statistically-based analysis program has been 
developed to aid presentation of the ESI results. The images are false-colorized based upon 
the change in image intensity compared to a mean background intensity. This methodology 
has enabled us to track experimental changes in calcium and phosphorus distribution in 
casein micelles. 
Impact of Research 
Clarification of protein and mineral structure with the casein micelle visualized through 
electron microscopy is of paramount importance to the understanding of the casein micelle. 
Through this current research, a new understanding of fixation effects on these proteins has 
been ascertained, and a clearer picture of the protein within the casein micelle has been 
established. Retention of the mineral component has been achieved and techniques 
developed to examine calcium and phosphorus have been completed. As our studies into 
protein and mineral distribution continue, we will build upon this base through immuno-
labeling and elemental mapping study to ascertain the intricacies of the casein micelle . 
Publications 
McManus, W.R., McMahon, D.J., and Gary, W., Changes In Calcium and Phosphorus 
Distribution in Bovine Casein Micelles following acidification, Utilizing Electron 
Spectroscopic Imaging., J. Scanning Micros. 17 (Supp.5): 129-130 
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Introduction: 
Tryptophan metabolism by starter and adjunct bacteria in low-fat 
Cheddar cheese 
Bart Weimer, Utah State University 
Jeff Broadbent, Utah State University 
Mark Johnson, University of Wisconsin - Madison 
Jim Steele, University of Wisconsin - Madison 
Marie Strickland, Utah State University 
Ummadhi Madhavi, Utah State University 
Western Center for Protein Research and Technology 
Utah Agricultural Experiment Station 
Unfortunately, flavor defects are intensified in lower fat cheese and hence selection 
of starter cultures is very important to produce a quality product, indicating lower fat 
cheese requires specific organisms which lack the ability to produce off-flavors. Our lack of 
understanding regarding the influence of starter and flavor adjunct cultures in flavor 
development is highlighted by the short list of important characteristics - which is 
dominated by fast acid production, bacteriophage resistance, and lack of off-flavor 
production. While low fat cheese production also requires bacteriophage resistance, a 
different set of selection criteria and modification to cheese making procedures are ~~ii 
required to produce an acceptable lower fat Cheddar cheese. 
• 
Biochemical reactions in cheese ripening which lead to cheese flavor and texture 
elopment primarily include glycolysis, proteolysis, and lipolysis. Undefined secondary 
reactions, such as protein dephosphorylation and amino acid (AA) metabolism, are 
important as well. Metabolism of aromatic amino acids represents an area that has been 
directly connected to off-flavor development lower fat cheeses, but is still not fully 
explained in terms of cheese flavor. 
Peptide and amino acid generation is well recognized, but further conversion of 
these materials is highly likely to yield flavorful compounds. Once peptides or AA's are 
dephosphorylated and transported into the cell, the general AA catabolic reactions are 
divided into decarboxylation, transamination, oxidative deamination, and degradation. 
These reactions produce amines, ammonia, aldehydes, alcohols, organic acids, a-keto acids, 
aromatic compounds (including phenols, indole, and others) pyraizines, and 
methanethiol. Investigation of pathways that lead to off-flavors are slightly more 
manageable than good flavors because the offending compounds have been isolated, are 
fewer in number than beneficial compounds, and can easily be quantitated. p-Cresol, 
phenol, indole, skatole, and phenethanol have all been linked to aromatic AA catabolism, 
but the exact mechanism is controversial. 
Objectives: 
• 
1. Determine the biochemical pathway by which Trp is utilized in during cheese 
ripening. 
2. Assess the role of adjunct bacteria in off-flavor production due to Trp 
metabolism. 
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3. Develop a rapid biochemical screening assay to predict suitable cultures for use in 
• lower fat cheese production. 
Results: 
B. linens and lactobacilli have been observed to survive for extended periods in a 
chemically defined medium with degradation of aromatic AA's, production of indole, 
production of at least two unidentified compounds, and other aromatic compounds. 
Evolution of these compounds were delayed by the addition of glucose, and in B. linens, 
Tyr and Phe were utilized before Trp, suggesting complex regulatory mechanisms play a 
role in AA catabolic processes. These data indicate aromatic AA degradation leads to 
undesirable flavors in that are not observed in healthy cells. Selection of cultures deficient 
in these pathways will be beneficial to the cheese industry, however methods need to be 
developed that can rapidly identify cultures that have the capability to produce flavor 
compounds without production of off-flavors. We are more fully investigating Trp 
catabolism in cheese and laboratory conditions using analytical biochemistry with cheese 
and cheese slurries. 
Significance to the Dairy Industry: 
Off-flavor development is a key defect in lower fat cheeses. Investigations regarding 
reduction of these defects will lead to a more acceptable lower fat cheese. Additionally, 
selection criteria for cultures used in lower fat cheese production will lead to products that 
a consistently mere flavorful, which will prompt consumers to purchase lower fat dairy 
products routinely . 
• lications: 
None to date 
Abstracts: 
None to ciate 
• 
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Introduction: 
Arginine metabolism by starter and adjunct bacteria in low-fat Cheddar 
cheese 
Bart Weimer, Utah State University· 
Jeff Broadbent, Utah State University 
Mark Johnson, University of Wisconsin- Madison 
Jim Steele, University of Wisconsin - Madison 
Marie Strickland, Utah State University 
Lan-Szu Chou, Utah State University 
Western Center for Protein Research and Technology 
Utah Agricultural Experiment Station 
Arginine (Arg) is utilized to increase the pH, via ammonia production, after 
residual carbohydrate is used which is known to play a role in cheese flavor, texture, and 
body (Figure 1). This utilization also produces other amino acids that have been linked to 
flavor in cheese as well. Amino acids have long been thought to play a role in cheese 
flavor, but the exact mechanisms have eluded discovery. Arg catabolism is interesting to 
cheese flavor because it produces ATP, ornithine, C02, NH4 - all of which have a role in 
cheese flavor. 
agmatine 
putracine 
• 
car~n di~~·oxide agmatine 1 QJ.J.Jsid.e 
arginine ~7 ~ 8 
r y~scine 2 ammonia •--2.... inside putracine ·oxide 
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~.e 
10 
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carboxyethyl-ornithine 6 ....--. ATP 
carbon dioxide + ammonia 
Gl utarnic add 
Figure 1. Metabolic fate of arginine in lactic acid bacteria by arginine deiminase or the arginine 
decarboxylase pathway. Compounds known to contribute to Cheddar cheese flavor are bolded. Enzymes are: 
(1) Arg/Orn antiport, (2) Arg deiminase, (3) Om transcarbamylase, (4) carbamate kinase, (5) CE-Om NADP 
oxidoreductase, (6) via n-acetyl-Glu, (7) Arg decarboxylase, (8) agmatine deiminase, (9) N-carbamoylputracine 
hydrolase, (10) Om decarboxylase, (11) Agm/putracine antiport. Steps 1-4 define the ADI pathway, while 
steps 7-9 and 11 constitute the Arg decarboxylase pathway. Data adapted from Cunin et al, 1986; Poolman, 
1993; Thompson and Miller, 1991. 
In ripening curd, L. lactis ssp. lactis should have a survival advantage over L. lactis 
I . cremoris since it can convert Arg to ammonia via the Arg deiminase (ADI) pathway d a variety of other known flavor compounds) and generate ATP without ind•.:ction, 
allowing it to survive at higher numbers in the cheese matrix- this is indeed observed in 
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cheese. Furthermore, Arg utilization is an unstable characteristic that can be changed in 
t.resence of bacteriophage to produce lactis-like L. lactis ssp. cremoris or cremoris-like 
r.. tis ssp. lactis strains which lead to unpredictable flavor changes. · · 
The ADI pathway is well characterized, but the heterogeneity observed due to 
bacteriophage resistance has not been elucidated. Further characterization of this energy-
yielding pathway that produces flavor compounds in cheese would be beneficial in efforts 
to design specific flavor systems and to control the overall flavor development of cheese. 
Objectives: 
1. Determine the extent which lactic acid bacteria shift Arg utilization. 
2. Examine specific enzymes in the pathway that are induced due to environmental 
conditions. 
3. Determine control points that lead to more flavor production due to Arg 
utilization. 
4. Determine the role of bacteriophage resistance acquisition on Arg utilization 
Results: 
We have confirmed induction of intracellular Orn transcarbamylase activity after 
lactose depletion in L. lactis ssp. cremoris, which requires 3 to 5 d in Elliker broth. Further, 
we have confirmed the ADI pathway in L. lactis ssp. lactis is inhibited, suggesting the 
EA-e pathway is controlled by sugar status in the media. We have spent the time to 
c!Prfirm these data because the ADI pathway has new meaning when one realizes that 
shortly after pressing in 60% reduced fat Cheddar cheese lactose is depleted to <.05%. 
To determine the industrial use of this approach we investigated how wide spread 
this type of carbohydrate starvation response is in lactococci, so we developed an 
automated assay to screen cultures for ammonia production from Arg using differential 
broth or spent medium and reflectance colorimetry. Verification of the method was done 
in spent medium or milk containing added Arg and L. lactis ssp. lactis or L. lactis ssp. 
cremoris. This work demonstrated induction of the ADI pathway is wide spread in 
industrial and common laboratory strains of L. lactis ssp. cremoris. Further, ADI induction 
follows the expected pH changes associated with lactose depletion with ammonia produced 
in Lac+ L. lactis ssp. cremoris strains (C2 and others). Lac- negative L. lactis ssp. cremoris 
LM0230 and MG1363 strains produced ammonia after 7 h of incubation in milk, suggesting 
they survived by utilizing Arg for ATP even though they lack the genes for lactose 
utilization. Control cultures of L. lactis ssp. cremoris 51 and 52 were used with no increase 
in pH or reflectance color observed in healthy cells (lactose concentration >1%), but the pH 
increased after the lactose concentration reached a critical level. 
Significance to the Dairy Industry: 
Current and future demands for flavorful lower fat cheese products require more 
detailed studies begin to understand cheese flavor. Since cheese ripening a a biochemical 
process, detailed unterstanding of enzymic reactions is needed to begin to crack the shroud 
•
ounding cheese flavor. Once the flavor picture begins to open opportunities exist to 
trol cheese flavor which will lead to products that are consistantly more flavorful. This 
56 
consistance will expand the lower fat cheese market and should be carried over to the full 
~cheese market so consumers can continue to expect high quality dairy products. 
Publications: 
None to date 
Abstracts: 
None to date 
• 
• 
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Introduction: 
Role of amino acids and carbohydrate in the production of volatile 
hydrophobic flavor compounds in low-fat Cheddar cheese by 
Brevibacterium linens 
Bart Weimer, Utah State University 
Jeff Broadbent, Utah State University 
Mark Johnson, University of Wisconsin - Madison 
Jim Steele, University of Wisconsin- Madison 
Marie Strickland, Utah State University 
Ummadhi Madhavi, Utah State University 
Lan-Szu Chou, Utah State University 
Ben Dias, Utah State University 
Western Center for Protein Research and Technology 
Utah Agricultural Experiment Station 
Analysis of microbial enzymes in cheese maturation indicate microbial hydrolysis of 
milk proteins strongly influence cheese flavor development in the water-soluble fraction 
containing compounds with molecular weights below 1000. Additionally, free amino acids 
(AA's) are thought to be precursors for background cheese flavor compounds, but the 
mechanisms and exact compounds are largely are undefined. The literature is full of lists 
of compounds isolated from cheese, however few have been traced to their origin via a 
Mchanistic route which has lead to Fox (P. F. Fox, personal communication, 1994) to point 
~the disappointing progress in this area since 1950. Secondary reactions, which use 
AA' s as substrates, involve uncharacterized biochemical pathways allowing the starter 
culture to contribute to cheese flavor in unique ways that are not evident when they are 
grown in ideal laboratory conditions. 
AA degradation plays a major role in cheese flavor theories, but the mechanisms by 
which AA's are transformed to cheese flavor are left undefined. A factor known to control 
flavor changes is pH, with AA catabolism being controlled extensively by this parameter. 
As such, AA concentration has been used to follow or predict cheese flavor with limited 
success. A complicating factor in this approach is AA's are interconverted to other AA's 
with common intermediates being pyruvate and a-keto acids. One mechanism to achieve 
this interconversion is transamination with a-keto butyrate or a-keto glutarate and 
various other intermediates to form new AA's. Asp, Val, Met, y-amino butyrate, Phe, Leu, 
and Ile are reaminated during cheese ripening via transamination reactions causing a 
flavor change. This leaves metabolic products from AA catabolism largely undefined by 
comparison to casein degradation- yet these biochemical reactions lead to significant 
flavor compounds in cheese. 
Ala catabolism in slurries found the catabolic enzymes are present in starter cultures 
to produce pyruvate and many other compounds (a-keto acids, aldehydes, dicarbonyl, and 
carbon dioxide). They also concluded metabolic pathways shifted to energy yielding 
mechanisms during ripening, with a-keto glutarate accumulating in later stages of 
~ening. These data suggest either transamination reactions slowed, or the substrates 
.,olved in these reactions were not present, or AA catabolic intermediates were shifted to 
energy production. AU-in-all the current knowledge of AA transformations is limited and 
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the interconnection between AA and carbohydrate utilization in cheese is all most non-
.tent. 
Objectives: 
1. Determine the role of general amino acid degradation in cheese flavor 
2. Interrelate sugar metabolism and amino acid metabolism for cheese flavor 
development 
3. Develop methods that predict culture usefulness in lower fat cheese production 
Results: 
Production of 60% reduced fat Cheddar cheese revealed the residual lactose 
concentration just after pressing is <.05%. This lead to the need for a representative 
laboratory growth media which contained the same composition as cheese curd. An 
additional requirement of sterility is needed so cultures can be inoculated into the 
environment and then monitor biochemical changes. This need lead to the initial 
investigations into a cheese extract medium that is both representative of cheese and 
sterilizable. Initial observations suggest lactic acid bacteria and brevibacteria can grow in 
this medium. Further investigations to monitor biochemical changes are underway. 
Additionally, the need for a non-destructive method of amino acid analysis and 
amino acid intermediates is needed to better determine the utilization of amino acids 
during growth of bacterial. This will aid in differentiation of amino acid and peptide 
An-sport. Initial observations indicate we are on track to resolving all amino acids in a 
Wgle analysis using capillary electrophoresis (CE). Also, a method for resolution of 
common amino acid intermediates using CE has been developed and is being refined for 
use with cell free extracts and cheese. 
Preliminary experiments examining survival and non-specific biochemical changes 
in laboratory media indicate lactic acid bacteria and brevibacteria survive for extended 
periods of time which lead to amino acid utilization in the absence of carbohydrate. The 
changes are species and strain specific, but generally lead to aromatic amino acid and 
peptide utilization. Experiments linking specific amino acid catabolic pathway 
intermediates to flavor compounds is underway. 
Significance to the Dairy Industry: 
Links from flavor to individual amino acids via specific biochemical pathways has 
been lacking which has hindered our understanding of cheese flavor. Once exact pathways 
are more firmly established it is possible to design specific bacteria for use in lower fat dairy 
product production. This will lead to production of consistently more flavorful cheeses 
via controlled pathways that can be manipulated in the laboratory. Ultimately 
understanding biochemical pathways will lead to expanded lower fat dairy markets because 
consumers will have confidence of the quality and full flavor of these products. 
Publications: 
None to date 
.stracts: 
None to date 
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Project Title: 
• Personnel: 
Funding: 
Introduction: 
Methionine metabolism by starter and adjunct bacteria in low-fat 
Cheddar cheese 
Bart Weimer, Utah State University 
·Jeff Broadbent, Utah State University 
Mark Johnson, University of Wisconsin - Madison 
Jim Steele, University of Wisconsin - Madison 
Marie Strickland, Utah State University 
Ben Dias, Utah State University 
Western Center for Protein Research and Technology 
Utah Agricultural Experiment Station 
Specific compounds have been implicated in cheese flavor, and are thought to be 
derived from AA's, but exact flavor compounds generated from specific AA catabolism is 
lean at best. Past AA catabolism studies are limited and have focused on Arg and Met 
transformation because they have a definable role in either bacterial metabolism or 
desirable flavor generation. Met degradation has been a focus area of relating AA 
catabolism to cheese flavor and is considered a desirable microbial end product associated 
with cheddary-type sulfur notes from the production of methanethiol which increases 
during aging of good quality Cheddar cheese. A key link to Met degradation is the 
ubiquitous, essential co-factor pyridoxal phosphate which can be generated by de novo 
M1thesis in some organisms and is used extensively in many AA degradation reactions. 
•is co-factor has been found to be involved in degradation of Ser, Thr, Met; improves 
flavor in slurry systems; and participates in decarboxylation and transamination reactions. 
In addition to pyridoxal phosphate, addition of other common co-factors, such as 
glutathione, cobalt, manganese, and riboflavin improve cheese flavor. The role of starter 
and adjunct in methanethiol production in cheese will be investigated. 
Objectives: 
1. Determine the relative contribution of starter and adjunct bacteria to 
methanethiol production in cheese. 
2. Determine the biochemical pathway for methanethiol production in cheese. 
3. Examine the activity of the pathway in cheese conditions. 
4. Isolate the enzyme(s) responsible for Met utilization 
Results: 
L-Met-y-demethiolase produces methanethiol in a one-step reaction requiring 
pyridoxal phosphate, which is a ubiquitous, essential co-factor used in many reactions 
involving amino acids. The methanethiol producing capacity (MTPC) of lactococci, 
lactobacilli and brevibacteria was determined at the pH and salt concentration found in 
.heddar cheese with and without pyridoxal phosphate. B. linens was found to produce 
.out 25 fold more methanethiol than lactococci or lactobacilli in optimum conditions. 
Salt and pH decreased MTPC as the conditions approached those found in cheese. Of 
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bacteria commonly isolated from cheese during ripening only B. linens was found to 
&ntribute significantly to methanethiol production. Growth of B. linens in media 
~taining added Met, as free Met or in peptides, induced the production of methanethiol 
for about two generations. · · 
To determine the contribution of lysed cells to methanethiol production, we found, 
as others, that MTPC was greatly reduced in cell free extracts and total loss of activity 
occurred in a short time, suggesting methanethiol is not produced in cheese curd due to 
lysed cells. Addition of pyridoxal phosphate to the assay the mixture increased MTPC 2 
fold, while addition of propylglycine to the assay mixture inhibited methanethiol 
production, suggesting an intracellular pyridoxal phosphate-requiring enzyme, such as 
Met y-demethiolase, is responsible for methanethiol production. 
Significance to the Dairy Industry: 
Production of more flavorful lower fat dairy products is a significant issue for the 
dairy industry. Selection of bacteria for use in production of lower fat products will · 
provide the impetus for consumers to again purchase dairy products without the worry of 
fat content. Production of consistently flavorful products will provide the consumer an 
additional choice and larger markets for dairy products. 
Publications: 
None to date 
Abstracts: 
•
imer, B. and Dias, B. Methanethiol production of bacteria used in cheese making. 
ernational Flavor Symposium, France, Feb. 1996. (submitted) . 
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•roject Title: Peptide characterization and analysis of flavor components in lowfat Cheddar 
cheese. 
Personnel: 
Funding: 
Introduction 
Jeffery R. Broadbent, Dept. Nutrition and Food Sciences, Utah State University~ 
Bart C. Weimer, Dept. Nutrition and Food Sciences, Utah State University. 
Marie Strickland, Dept. Nutrition and Food Sciences, Utah State University. 
Mark E. Johnson, Center for Dairy Research, Univ. Wisconsin-Madison. 
James L. Steele, Dept. Food Science, Univ. Wisconsin-Madison. 
Western Center for Dairy Protein Research and Technology 
Utah Agricultural Experiment Station 
Current trends in the American diet clearly indicate that lowfat dairy products will be one of 
the most important research areas of the 1990's. Unfortunately, traditional cheese flavor is 
presently not available in reduced-fat ripened cheese, and the inferior flavor and texture of these 
varieties limits their acceptability among consumers. In general, the lower the fat content, the more 
difficult it is to produce a cheese similar in quality to full-fat cheese. Starter cultures and media 
which perform well in the production of full-fat cheese often are not suited to low-fat varieties 
because culture-related flavor defects are frequently enhanced in low-fat cheese. These varieties, 
for example, ~e generally more susceptible to off-flavors such as bitterness. Bitterness is 
associated with the accumulation of short (2-27 amino acids) hydrophobic peptides whose 
.volution may be related to the level and specificity of bacterial proteolysis in the cheese. At 
present, there is a pressing need to develop specialized culture systems that overcome low-fat 
cheesemaking constraints. Development of new starter systems for low-fat products would be 
facilitated by more sophisticated knowledge of the role microbial enzymes and metabolites play in 
cheese flavor development. This project seeks to identify peptides which contribute to bitter flavor 
defect in lowfat Cheddar and to characterize the enzymes and conditions which lead to their 
accumulation. Elucidation of key biochemical pathways involved in undesirable cheese flavor 
production would have immediate application in the development of starter systems for 
manufacture of high-quality lowfat Cheddar cheese. 
Objective: 
1. To identify various peptides which influence flavor attributes in lowfat Cheddar cheese and to 
characterize conditions which lead to their production. 
Results: 
Electropherograms obtained from micellar electrokinetic capillary chromatography (MECC) 
analysis of lowfat cheese revealed that bitter cheeses had more complex peak patterns in a peptide-
rich region which eluted near the micelle marker than did non-bitter cheeses. Since separation in 
the presence of the micelle is largely due to differences in compound hydrophobicity, and 
molecules which associate closely with the micelle are the most hydrophobic, the peptides in this 
• region may be important determinants for bitterness. To characterize these peptides, HPLC 
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•eparations were used to collect peptide fractions from our lowfat cheeses and then MECC and 
ther CE methods were used to evaluate the purity of individual fractions and to associate them 
with MECC patterns of cheese extracts. Thus far, six peptides have been purified and amino acid 
sequencing has revealed they include fragments which originated from asl' aw and fl casein. 
Current knowledge of lactococcal proteinase specificity suggests that our bitter cheeses contain 
casein fragments generally linked to the lactococcal Pctype enzyme, but sensory data showed that 
bitter flavors were also tied with high starter numbers. In other work, growth studies using 
synthetic oligopeptides have been performed to study the fate of one peptide known to accumulate 
in very bitter cheese. Those data showed lactococci could transport and utilize the 9-mer fragment, 
which suggested Pctype proteinase activity responsible for its synthesis must greatly exceed the 
rate at which the peptide is taken up by bacterial cells. Future studies will include additional 
peptide characterization and sensory evaluations to determine the contribution of these peptides to 
bitterness in lowfat Cheddar cheese. 
Significance to the Dairy Industry 
Future acceptance and demand for low-fat cheese will be heavily dependent on the availability 
of high-quality products. Solutions to the flavor and textural problems that have dogged low-fat 
cheese manufacture will require a more comprehensive understanding of the role other microbial 
.enzymes and metabolites play in cheese flavor development. This project seeks to identify peptides 
which contribute to bitter flavor defect in lowfat Cheddar and to characterize the enzymes and 
conditions which lead to their accumulation. Identification and characterization of these properties 
will facilitate the development of low-fat starter systems, through strain combinations or 
recombinant DNA technology, for the manufacture of high-quality low-fat cheese. Low-fat cheese 
with organoleptic qualities of full-fat varieties will increase consumer acceptance of low-fat dairy 
products and expand consumer demand for these goods to individuals that avoid cheese for 
reasons of diet and the absence of high quality low-fat alternatives. 
• 
Publications 
none in 1994-5 
Abstracts 
Weimer, B., C. Brennand, J. Broadbent, J. Jaegi, M. Johnson, F. Milani, J. Steele, and M. 
Strickland. 1995. Chemical and sensory attributes of 50% reduced-fat Cheddar made with 
various adjunct bacteria. Proc. Int. Dairy Lactic Acid Bacteria Conf., Palmerston North, 
New Zealand 
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Project Title: Indole production by lactobacilli in lowfat Cheddar cheese . 
• ersonnel: Jeffery R. Broadbent, Dept. Nutrition and Food Sciences, Utah State University. 
Funding: 
Introduction 
Sanjay Gummalla, Dept. Nutrition and Food Sciences, Utah State University. 
Bart C. Weimer, Dept. Nutrition and Food Sciences, Utah State University. 
Mark E. Johnson, Center for Dairy Research, Univ. Wisconsin-Madison. 
James L. Steele, Dept. Food Science, Univ. Wisconsin-Madison. 
Western Center for Dairy Protein Research and Technology 
Utah Agricultural Experiment Station 
Current trends in the American diet clearly indicate that lowfat dairy products will be one of 
the most important research areas of the 1990's. Unfortunately, traditional cheese flavor is 
presently not available in reduced-fat ripened cheese, and the inferior flavor and texture of these 
varieties limits their acceptability among consumers. One strategy to improve flavor development 
in lowfat cheeses involves Lactobacillus adjunct cultures. Adjunct use originated with 
investigators who sought to characterize or accelerate flavor development in traditional Cheddar 
cheese, and many culture companies now offer Lactobacillus flavor adjuncts for manufacture of 
low fat cheese. Unfortunately, use of some adjunct bacteria may lead to new flavor problems not 
frequently found in traditional Cheddar cheese. The incidence of unclean flavors in lowfat cheese, 
for example, is raised with certain Lactobacillus adjuncts. The greater potential for flavor defects 
.n lowfat cheese emphasizes the importance of careful strain characterization when choosing 
starter-adjunct combinations for these products. One compound associated with unclean flavor 
notes is indole, and investigators have suggested this compound is formed via tryptophan 
metabolism in lactobacilli. This research project seeks to characterize mechanisms for indole 
production in lactobacilli and to develop methodology which can rapidly identify strains capable of 
indole synthesis. Elucidation of key biochemical pathways involved in undesirable cheese flavor 
production would have immediate application in the development of starter systems for 
manufacture of high-quality lowfat Cheddar cheese. 
Objective: 
1. To characterize the enzymology of indole production by lactobacilli in lowfat Cheddar 
cheese. 
Results: 
Capillary electrophoresis (CE) studies of lowfat cheese identified a peak which co-migrated 
with indole in cheese manufacture with certain Lactobacillus spp. and one Lactococcus lactis 
starter. CE electropherograms and colorimetric tests on supernatant from these bacteria grown in 
pure culture supported CE data from cheese. Many bacteria are capable of synthesizing indole 
from Trp in a reaction catalyzed by the enzyme tryptophanase (Tna), which hydrolyses Trp to 
indole, ammonia and pyruvate. Because Tna activity has been reported in both Gram-negative and 
.Gram-positive bacteria, our laboratory seeks to determine whether indole-producing lactic acid 
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• bacteria express Tna. To accomplish this, we have developed a gene based detection system which 
uses the polymerase chain reaction (PCR)~ A degenerate oligonucleotide primer pair approximately 
800 base pairs apart was designed from amino acid consensus regions in published Tna sequences 
from four bacterial species. DNA amplification conditions were optimized with Escherichia coli 
and DNA sequence analysis was used to confirm that the 800 base pair amplicon detected in those 
experiments was derived from the Tna gene. Subsequent work with Klebsiella oxytoca, Bacillus 
alvei, Kluyvera cryocrescens, and Proteus vulgaris, demonstrated that the degenerate primers 
produced similar PCR products in each of these species. The 0.8 kb amplicon obtained from 
Klebsiella oxytoca was sequenced and the deduced amino acid sequence showed good homology 
to known Tna enzymes. Those results suggested DNA amplification with our primers can be used 
to rapidly method to detect the Tna gene in a variety of bacteria. With this information, we recently 
began to test indole-producing lactic acid bacteria for Tna. PCR experiments with Lactobacillus 
paracasei L71, an indole-producing strain isolated from unclean-flavored lowfat Cheddar cheese, 
produced 1.0-, 0.8- and 0.7 kb fragments. Work is in progress to sequence these fragments and 
to screen other strains for Tna by our PCR method. 
• 
• 
Significance to the Dairy Industry 
Future demand for lowfat cheese will depend on the availability of flavorful products . 
Solutions to the flavor problems that have dogged lowfat cheese manufacture require a more 
comprehensive understanding of the role microbial enzymes and metabolites play in cheese flavor 
development. This project seeks to identify and characterize enzymes involved in the production of 
indole in lowfat Cheddar cheese. Characterization of this pathway, coupled with new 
methodology to predict indole production by bacteria will facilitate development of lowf at starter 
systems for the manufacture of high-quality lowfat cheese. Lowfat cheese with organoleptic 
qualities of full-fat varieties will increase consumer acceptance of lowfat dairy products and expand 
consumer demand for these goods to individuals that avoid cheese for reasons of diet and the 
absence of high quality lowfat alternatives. 
Publications 
none in 1994-5 
Abstracts 
Gummalla, S., and J. R Broadbent. Detection of the tryptophanase gene by DNA 
amplification with degenerate primers. Proc. Ann. Regional Mtg. for the Amer. Soc. 
Microbiol. April22, Idaho State Univ., Pocatello . 
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~roject Title: 
~ersonnel: 
Funding: 
Introduction 
Tyrosine metabolism and the formation of p-cresol in low-fat Cheddar cheese. 
Jeffery R. Broadbent, Dept. Nutrition and Food Sciences, Utah State University. 
Yan-hong Kong, Dept. Nutrition and Food Sciences, Utah State University. 
Bart C. Weimer, Dept. Nutrition and Food Sciences, Utah State University. 
Mark E. Johnson, Center for Dairy Research, Univ. Wisconsin-Madison. 
James L. Steele, Dept. Food Science, Univ. Wisconsin-Madison. 
Western Center for Dairy Protein Research and Technology 
Utah Agricultural Experiment Station 
Current trends in the American diet clearly indicate that lowfat dairy products will be one of 
the most important research areas of the 1990's. Unfortunately, traditional cheese flavor is 
presently not available in reduced-fat ripened cheeses, and the inferior flavor and texture of these 
varieties limits their acceptability among consumers. One strategy to improve flavor development 
in lowfat cheeses involves Lactobacillus adjunct cultures. Adjunct use originated with 
investigators who sought to characterize or accelerate flavor development in traditional Cheddar 
cheese, and many culture companies now offer Lactobacillus flavor adjuncts for manufacture of 
low fat cheese. Unfortunately, some adjunct bacteria may impart new flavor problems not 
frequently found in traditional Cheddar cheese. The incidence of unclean flavors in lowfat cheese, 
•
for example, may be raised by use of certain Lactobacillus adjuncts. The greater potential for 
flavor defects in low fat cheese emphasizes the importance of careful strain characterization when 
choosing starter-adjunct combinations for these products. One of the compounds associated with 
unclean flavor notes is p-cresol, which is formed via tyrosine catabolism. Since unclean flavors 
have been linked to lactobacilli, this research seeks to characterize mechanisms for p-cresol 
production in those bacteria and to develop methodology which could rapidly identify strains 
capable of p-cresol synthesis. Elucidation of key biochemical pathways involved in undesirable 
cheese flavor production would have immediate application in the development of starter systems 
for manufacture of high-quality lowfat Cheddar cheese. 
Objectives: 
1. To characterize the enzymology of tyrosine degradation and p-cresol production by 
lactobacilli in low-fat Cheddar cheese. 
Results: 
Capillary electrophoresis (CE) studies of lowfat Cheddar cheese suggested that in some 
cheeses, levels of free Tyr disappeared with the concomitant appearance of a new peak which co-
migrated with pure p-cresol. Sensory analysis showed these cheeses also contained unclean flavor 
notes. Correlation analysis between sensory qualities and combinations of cheese chemistry data 
(CE compounds, enzyme assays, volatile compounds identified by GC) showed the best predictive 
.model for flavor(~= 0.78) included levels of Tyr, p-cresol, Phe, a dicarbonyl, and a peptide 
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•fraction identified by CE. Significantly, p-cresol was the only compound found to have a negative 
correlation (r) to flavor. These data indicate that Try and p-cresol are important determinants on the 
flavor of lowfat Cheddar cheese. To address the mechanism(s) for p-cresol synthesis in 
lactobacilli, known microbial pathways for tyrosine degradation were compiled and used to predict 
potential avenues for p-cresol production. A capillary electrophoresis method for the detection of 
the intermediate compounds was then developed and is now being used to study tyrosine 
catabolism and p-cresol production by lactobacilli in pure culture. 
Significance to the Dairy Industry 
Future acceptance and demand for low-fat cheese will be heavily dependent on the availability 
of high-quality products. Solutions to the flavor and textural problems that have dogged low-fat 
cheese manufacture will require a more comprehensive understanding of the role other microbial 
enzymes and metabolites play in cheese flavor development. This project seeks to identify and 
characterize mechanisms for p-cresol production in lowfat Cheddar cheese. Identification and 
characterization of this pathway will facilitate identification of low-fat starter and adjunct bacteria 
for the manufacture of high-quality low-fat cheese. Low-fat cheese with organoleptic qualities of 
full-fat varieties will increase consumer acceptance of low-fat dairy products and expand consumer 
demand for these goods to individuals that avoid cheese for reasons of diet and the absence of high 
.quality low-fat alternatives. 
Publications 
none in 1994-5 
Abstracts 
none in 1994-5 
• 
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.Jl.r __ o_ject Ti_tle: Influence of alternative starter cocci on the physical properties oflowfat 
• Mozzarella cheese. 
Personnel: 
Funding: 
Introduction 
Jeffery R. Broadbent, Dept. Nutrition and Food Sciences, Utah State University. 
Shelby Caldwell, Dept. Nutrition and Food Sciences, Utah State University. 
Donald J. McMahon, Dept. Nutrition and Food Sciences, Utah State University. 
Craig J. Oberg, Dept. Microbiology, Weber State University. 
Western Center for Dairy Protein Research and Technology 
Utah Agricultural Experiment Station 
Two significant obstacles facing the Mozzarella industry are the production of a high quality 
lowfat cheese and the proliferation of S. thermophilus bacteriophage. Manufacture of high quality 
lowfat Mozzarella presents a real challenge because fat removal adversely affects important 
physical properties of Mozzarella (e.g. cook color, melt, stretch). In general, the lower the fat 
content, the more difficult it becomes to produce a cheese similar in function to traditional cheese. 
Starter cultures which perform well in the production of full fat cheese often are not suited to 
lowfat cheese. As a result, there is a pressing need to develop specialized culture systems which 
•
atisfy the cheese making constraints of lowfat Mozzarella and provide satisfactory functionality. 
ediococci may possess metabolic characteristics, such as galactose utilization, or differences in 
proteolytic activity and growth temperature, which might make them better suited to the 
manufacture of lowfat Mozzarella than S. thermophilus. 
In recent years, bacteriophage infection of Mozzarella starter cultures has increased 
dramatically and S. thermophilus phage now present a serious economic threat to U.S. Mozzarella 
producers. The ability to substitute lactose-positive (Lac•) thermoduric pediococci for S. 
thermophilus in Mozzarella starter blends would facilitate the development of novel strain rotation 
strategies that would provide more effective protection against bacteriophage attack in the plant. 
Objectives: 
1. To isolate/develop Lac• thermoduric pediococci. 
2. To determine whether synergism occurs between Lac• pediococci and Lactobacillus helveticus 
or L. delbrueldi subsp. bulgaricus in milk. 
3. To compare functional properties during cooking of lowfat and traditional Mozzarella 
manufactured with Lac• pediococci paired withL. helveticus or L. delbruekii subsp. bulgaricus 
to properties of equivalent cheeses made with Streptococcus thermophilus and Lactobacillus 
spp. starters. 
4. To determine whether Lac+ pediococci are sensitive to S. thermophilus bacteriophages . 
• 
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•esults: · 
Preliminary work screened 26 commercially available pediococcifor fast acid-producing · 
ability in milk, but industrially useful strains were not identified. To overcome this limitation, an 
electro-transformation procedure was optimized for Pediococcus spp., then used to introduce a35 
kilo base Lactococcus lactis lactose plasmid into P. pentosaceus and P. acidilactici. Lactose-
positive transformants of both species were obtained and examined for the presence of pPN-1, 
their ability to grow in MRS-lactose broth, and stability of the lactococcal plasmid. After plasmid 
uptake and expression were confirmed, transformants were assayed for bacteriocin production, the 
ability to coagulate and acidify 9% nonfat milk, and for their susceptibility to various 
bacteriophages. The genetically engineered Pediococcus spp. were then used in conjunction with a 
commercial strain of Lactobacillus helveticus to manufacture part skim Mozzarella cheese. Results 
indicated lactose-positive Pediococcus spp. could be used to replaceS. thermophilus cultures in 
Italian starter blends 
Significance to the Dairy Industry 
Results to date suggest Lac+ pediococci may be very useful alternative starter cocci in 
Mozzarella cheese. The ability to substitute thermoduric pediococci for S. thermophilus in 
Mozzarella starter blends would facilitate development of novel strain rotation strategies to guard 
.gainst streptococcal phage attack, and these bacteria possess metabolic characteristics, such as the 
ability to metabolize galactose, which could make them well suited for manufacture of lowfat 
Mozzarella cheese. 
Publications 
none in 1994-95 
Abstracts 
Caldwell, S., J.R. Broadbent, D.J. McMahon, and C.J. Oberg. 1995. Development of 
lactose-positive Pediococcus species cheese starter cultures. J. Dairy Sci. 78(Suppl. 1): 108. 
Patents 
• 
Broadbent, J.R., C.J. Oberg, and S. Caldwell. 1994. Development of lactose-positive 
pediococci for cheese fermentations. Disclosure filed Sept, 1994, formal patent application 
filed June 8, 1995 . 
69 
• 
• 
• 
·Project Title: Moisture movement in lowfat cheese. 
Personnel: J. Antonio Torres, Associate Professor, 
Food Science and Technology, Oregon State University. 
Project Title: Time and processing effects on the water interaction with the protein-
reduced fat matrix. 
Personnel: Conly Hansen, Professor, Department of Nutrition and Food Science, 
Utah State University. 
BACKGROUND SITUATION 
Variability in the body and texture of reduced fat Cheddar cheese is caused by 
moisture movement within large cheese blocks occurring during the first days of 
aging. Moisture variability within these blocks can be 5-10 fold larger than 
moisture variability among production lots. Cheese obtained from the same block 
can be hard and crumbly or soft and mushy. Moisture movement has been 
associated with non-uniform cooling of cheese blocks. This observation provides 
no mechanistic interpretation for moisture migration, e.g., why does moisture 
move so fast? Finally, procedures to estimate the average moisture content of 
large cheese blocks and barrels are not effective solutions to moisture variability . 
RESEARCH DELIVERABLES 
Implications of Early Microstructure Changes 
.,. TEM and SEM micrographs showed Cheddar cheese undergoing rapid and major 
changes in microstructure. At day 1, cheese resembled a sponge with highly 
interconnected channels. The porous matrix was recognizable at day 2 but older 
cheese showed a continuous protein matrix with no sponge-like appearance. This 
information was used to formulate a predictive model for moisture migration 
based on porous flow controlled by the matrix porosity a11d permeability. Cheese 
"permeability" is high when the cheese microstructure is "porous" and the 
"pores" are interconnected. In cheese with a continuous protein matrix 
microstructure, moisture moves by diffusion which is a much slower process than 
porous flow. Therefore, the fast moisture migration observed in large cheese 
blocks during the first few days of aging can be attributed to porous flow in a 
sponge-like microstructure with highly interconnected channels. 
An observation derived from the predictive model is that "moisture velocity 
approaches zero in cheese which has negligible permeability." Therefore, moisture 
migration could be controlled if curd had a continuous protein matrix 
microstructure. The fast whey movement associated with the porous matrix flow 
would be eliminated. 
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Interaction of Moisture With Cheese Curd Matrix 
WORK DONE 
In addition to the work done in the first year, cheese was made at a 33 % reduced fat 
level. Cheese was prepared in the Dairy Processing lab in USU. During this year, 
all four types of cheese were made in replicate, in order to determine the statistical 
significance of the various types of interactions. The four types of cheese made were; 
1) Minimum fat cheese 
2) 50% Reduced fat cheese 
3) Full fat cheese. 
4) 33% Reduced fat cheese 
The cheese curd treatments used have been ; 
1) Stirred curd. 
2) Curd and whey mixture cooled to 70 ° F . 
3) Curd and whey mixture cooled to 80°F. 
4) Curd washed with cold water to 70 ° F. 
5) Curd washed with water to 80 ° F. 
6) Curd and whey mixture cooled to 70 ° F and minimum water rinse. 
7) Curd and whey mixture cooled to 80 ° F and minimum water rinse. 
METHOD 
From each vat, one cheese block (approximately 20 lbs) was prepared. 
The cheese block was cut into smaller blocks of ( 2" X 1.5" X 5"). 
The smaller blocks were labelled and kept at three different temperatures of 4 ° C, 
13°C, and 25°C. 
DSC, moisture content and pH readings were taken from the different cheese blocks 
over time. (1 Day, 2 Day, 5 Day, 10 Day and 21 Day). 
Thermal conductivity measurements were done on cheese made at all four fat levels. 
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RESULTS 
The data obtained from the work done indicates that the volume of whey 
expelled from the cheese blocks maintained at 25 • C is significantly higher than tlie 
volume of whey expelled from the 4 • C and 13 • C blocks. The whey expelled from 
small cheese blocks was seen to be lower for cheese made at the 50 % reduced fat 
level compared to cheese made from skim milk (figures 1 and 2). As moisture 
migrates from the interior of the cheese block to the outside, the moisture content 
inside the cheese decreases. In cheese made with lower fat content, the moisture 
content was higher (figure 3). This is explained by the fact that in absence of fat, the 
protein matrix tends to bind more moisture. 
By inserting thermocouples inside the small cheese blocks, it was determined 
that the cheese blocks equilibrate with the storage temperature within 2 1/2 hours. 
This means that syneresis and whey movement in the cheese block is not because of 
temperature gradients in the cheese matrix. Further, the moisture content drops very 
sharply over the first 2 days for cheese blocks at 2s·c (figure 4). It can be 
concluded that temperature is a driving force in the movement of whey in the cheese 
microstructure. 
The pH values drop significantly for 25"C storage temperatures, as compared 
to 4 ·cor 13 ·c (figure 5). A higher temperature inside the cheese matrix accelerates 
the acid development in the cheese, causing a lowering of pH. It is known that 
during aging, the protein network tends to shrink due to the change in pH. The fact 
that within 2 days of storage (figure 5), the pH drops significantly for samples stored 
at 25"C, shows that temperature is a major driving force for syneresis. 
The enthalpy (ice melting peak area) values obtained from the DSC work follow 
almost the same trend as the variation in moisture content - over time (figure 6). It 
can be concluded that the peak area, expressed as energy (J) per sample size (gram of 
cheese) depends on the moisture content of the sample. 
A better parameter to study the nature of water in the cheese matrix is the peak 
area (JIg) Jivided by the amount of energy per gram of pure water. This parameter 
("Free Water Index", FWI) reflects the water fraction participating in the phase 
transition. The FWI decreases with storage time (figure 7). The figure shows that 
the changes in FWI occur early ( < 5 days). The values of FWI for all three storage 
temperatures; 4"C, 13·c, and 25"C fall significantly by day 5. 
Thermal conductivity was highest for cheese made with minimum fat content 
(Figure 8). It can be seen that the thermal conductivity values decreased with 
increasing fat level. Temperature had a significant effect on thermal conductivity and 
it can be seen that for all fat levels, K values are lower for a storage temperature of 4 
• C compared to 25 ·C. All the observations for thermal conductivity relate to the 
moisture content in cheese, and can be explained based on the discussion on moisture . 
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The thermal conductivity values were almost same for commercial(Kraft) 
cheese and cheese made in the Dairy Products Laboratory at Utah State University 
for the same fat level. However, cheese at the 113 reduced fat level and the regular 
fat level did have some difference in their thermal conductivity values (figure 9). 
Quadratic regression equations were formed for the data obtained for % whey 
loss for samples stored at 25"C, for 50% reduced fat cheese and minimum fat cheese. 
For 50% reduced fat cheese; 
% whey loss = 3.60 + 2.13 day- 0.0705 (day)2 
R2 = 0.845 and R2 (adj) = 0.742 
For minimum fat cheese; 
% whey loss = 4.36 +3.30 day- 0.113 (day)2 
R2 = 0.837 and R2 (adj) = 0.729 
The above discussion on the time dependent moisture migration in cheese 
suggests that most of the changes inside the cheese block occur during the first few 
days ( < 5) of storage. Any steps required to be taken for controlling the moisture 
distribution in the cheese matrix should be done as soon as the cheese is made. In 
some experiments, Short-Time, High-Pressure processing of cheese has shown some 
interesting results . 
Curd Microstructure Changes by Short-Time, High-Pressure (STHP) Processing 
~ Short-time high-pressure (STHP) treatments changed curd microstructure to 
the continuous protein matrix predicted as needed for moisture control. 
Contrary to most UHP applications this was achieved even for the shortest 
process time tested so far (33s). Further reductions in STHP processing 
time seem possible. 
~ The experimental unit used allowed curd processing with high pressure 
pulses. Pressure pulses were more effective than equivalent constant 
pressure processes, i.e., treated curd had fewer interconnected channels. 
~ The short time required to change the curd microstructure will facilitate the 
development of a continuous process. Continuous and semi-continuous 
processes are desirable to reduce processing costs. 
~ Reducing holding time at high pressures lowers the perceived risks of high 
pressure. At any given time, only a small volume of cheese curd is in the 
high pressure range. The holding volume varies with processing rate (lb/ s 
of curd being treated) and the time required to change the microstructure. 
Cheese micrographs obtained by scanning and transmission electron 
microscopy (SEM and TEM) showed that modifying STHP conditions 
created different microstructures. Therefore, STHP could not only reduce 
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moisture variability but also produce cheese with improved/new textures . 
~· The extent of the microbial population inactivated by UHP varied with the 
pressure application mode (process time, constant and pulsing pressure). 
Therefore, STHP could not only reduce moisture variability but also alter 
microbial and enzymatic activities. 
SIGNIFICANCE TO THE DAIRY INDUSTRY 
~ Controlling moisture migration by STHP would mean a substantial saving 
in production costs. Moisture control is the number 1 problem affecting 
the production of reduced and low fat cheese. 
~ UHP inactivates lactic acid bacteria to an extent determined by the UHP 
treatment. Preliminary observations indicate that the STHP treatment may 
accelerate flavor development. High pressure treatments have been 
reported to cause membrane damage and produce "leaky" cells. It is likely 
that these "leaky" cells accelerate the development of flavors. Lack of 
flavor or poor quality flavor is the number 1 complaint expressed by 
consumers of reduced and low fat cheeses. 
~ STHP closes channels AND creates different microstructures depending 
upon treatment conditions. This may allow the production of cheese with 
improved textures. "Variable and poor texture" is the number 2 complaint 
expressed by consumers of reduced and low fat cheeses. 
PRESENTATIONS AND PUBLICATIONS 
~ Bakshi, G.S., C.L. Hansen 1994. Temperature, Curd Treatment and Time 
Effects on the Interaction of Water with the Protein Fat Matrix of Reduced 
Fat Cheddar Cheese. Am. Soc. of Ag. Engr. Paper# 94-108, presented at 
the 1994 Pacific Northwest Meeting. Sponsered by ASAE, Sept. 14-16, 
Utah State University, Logan, UT. 
~ Torres, J.A., Pechak, D.G., Soeldner, A., Bakshi, G.S., McManus, 
W.R., and Hansen, C.L. 1995. Early microstructure changes in Cheddar 
cheese. J. Dairy Sci.: IN REVIEW. 
~ Torres, J.A., Ting, E.Y., Hawes, A., Aleman, G.D., Mora-Torres, A.R., 
Soeldner, A., and Pechak, D.G. 1995. Novel application of ultra high 
pressure to the manufacturing of cheese. J. Food Sci.: IN REVIEW~ 
~ Bakshi, G.S., Hansen, C.L., and Torres, J.A. 1995. Identification of 
mechanisms responsible for moisture variability in reduced fat Cheddar 
cheese. Annual Meeting of the Institute of Food Technologists, June 3-7, 
1995, Anaheim, CA. 
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Figure 1. Whey loss (w/w) from blocks of 18% fat content cheese stored at 4•c, 13 ·c. 
and 2s•c on days 0,1,2,5,10,and 22 . 
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Figure 2. Whey loss (wfW) from blocks of 2.5% fat content cheese stored at 4•c. 13•c. 
and 2s·c on days 0,1,2,5,1 o, and 22. 
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Figure 3. Moisture content of cheese made at 2.5% fat, 18% fat, 27% fat, and 36% fat 
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Figure 4. Moisture content of cheese stored for days 0,1,2,5,1 0, and 22 at 
temperatures 4°C, 13°C, and 25°C . 
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Figure 6. Moisture content of cheese stored for days 0,1 ,2,5, 10, and 22 
stored at temperatures 4 oc, 13°C, and 25 °C . 
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Figure 8. Thermal conductivity of cheese made at 2.5% fat, 18% fat, 27% fat, and 
36% fat content. 
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Figure 9. Thermal conductivity of cheese samples of 27% fat and 36% fat content (w/w) 
Samples included cheese obtained commercially and cheese made in the lab . 
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Project Title: 
Principal Investigator: 
Funding: 
Introduction 
FINAL REPORT 
Proteinase activities from new . strains of 
Lactococcus lactis subsp. cremoris 
Bruce Geller, Department of Microbiology, Oregon State 
University 
Western Center for Dairy Protein Research and 
Technology 
The objective of the project was to characterize and evaluate 28 recently isolated, 
unique strains of Lactococcus lactis subsp. cremoris for proteolytic specificities, and for 
their potential use in low fat cheeses. The characterization focused on proteolytic 
activity because it is necessary for the acid production required in milk fermentations, 
and is a determinant of the flavor in cheeses. Ultimately our goals were to identify the 
characteristics among these new strains of L. lactis subsp. cremoris that are favorable 
for making low fat cheeses, and to understand the chemical and biological differences 
between strains that account for the differences in their abilities to make high quality 
cheeses . 
Nearly all commercial and laboratory strains of L. lactis subsp. cremoris are derivatives 
of just a few unique strains. Many attempts to isolate different strains have failed, 
leaving the fermented dairy foods industry with a limited variety of genetic and 
biochemical characteristics in this subspecies. 
Recently, two labs in our department have collaborated on a-funded project and 
isolated 28 new strains of L. lactis subsp. cremoris. Five of these strains have been 
tested by seven independent methods, and are genetically and biochemical different 
from one another, as well as from any of the known cremoris strains. We proposed to 
extend the characterization of these strains in the following way: 1) determine the 
specificities of the proteinases by the electrophoretic pattern of the products of casein 
hydrolysis, 2) make and test a low fat cheddar cheese and 3) clone and sequence the 
gene(s) for proteinases with unique proteolytic specificities. 
Specific Objectives 
In broad terms, the objective of the project was to characterize and evaluate 28 
recently isolated and unique strains of Lactococcus lactis subsp. cremoris for 
proteolytic activities, and for potential use in low fat cheeses. 
To accomplish this, the project had the following specific objectives: 
a) Determine the specificities of the proteinases by analyzing the cleavage products 
of the casein substrate . 
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b) Make and analyze a low fat cheddar cheese using one or more of the new 
strains. 
c) Clone and sequence the gene(s) for proteinases with unique proteolytic 
specificities and favorable cheese-making characteristics. 
Significance 
Our project was to characterize newly isolated strains of Lactococcus lactis 
subsp. cremoris, starting with the one of the most important characteristics of the starter 
culture, the proteinase activity. There are many significant reasons why the proposed 
research will benefit the dairy industry. First, low fat cheese is now made from only a 
few acceptable strains of subsp. cremoris, and the proposed project might identify 
those newly isolated, unique cremoris strains with the proteinase characteristics 
required for commercial use. Second, our approach to the problem of a lack of 
commercially usable cremoris strains takes advantage of the natural pool of cremoris 
traits that have gone untapped. Much emphasis has been placed recently on 
modifying existing cremoris strains using genetic engineering, particularly by the 
European dairy research groups. However, our proposal would ayoid the legal and 
commercial uncertainty of using genetic engineering, and characterize new, 
potentially usable, and naturally-isolated strains of subsp. cremoris. Third. preliminary 
tests have shown that the new strains have characteristics which are different from 
existing strains of cremoris, and which are favorable for cheese-making (such as fast 
acid production and phage-resistance). This indicates that the new strains are 
potentially usable for making cheese, and have characteristics previously unknown in 
other cremoris strains. Fourth, our approach is to understand a chemical/enzymatic 
basis for differences between the strains' abilities to make a better cheese. This would 
give the industry a rational way of screening new strains in the laboratory, without 
having to test each strain by trial and error in a cheese vat. Fifth, by isolating the 
proteinase genes from these "new" strains, they could be transferred to other strains to 
produce unique combinations of characteristics important for cheese-making. 
Results 
Thirty-four of the new cremoris isolates were screened for their proteolytic 
degradation patterns of casein, using crude preparations of the proteinases and whole 
casein. Two appeared to have unique patterns that were different than any of the three 
known patterns. Thus, at least two of the new strains appeared to be different in their 
proteolytic degradation of casein than any of the existing cremoris strains. 
The proteinases from the two strains that appeared unique, and proteinases from 
control strains were purified. Each proteinase was analyzed separately on purified 
casein subunits. This analysis revealed the two proteinases from the new strains had a 
casein degradation pattern that was essentially the same as the control proteinases. 
From this analysis, we concluded that there was no indication that any of the new 
cremoris strains had a proteinase activity that was substantially different from those of 
the known strains. At this point, the project was terminated, because the P.l. 
considered it unlikely that the new strains would have any grossly different casein 
degradation patterns than the existing strains . 
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Project Title: 
Funding: 
Principal Investigator: 
Co-Investigator: 
FINAL REPORT 
Preliminary Examination of Hazelnut Enzyme 
Extracts (HEE) for Flavor Enhancement of 
Reduced Fat Cheddar Cheese. 
WCDPRT; 1 year for $32,768. 
Floyd W. Bodyfelt, Professor 
Michael H. Penner, Associate Professor 
Technical Contributions: Scott A. Rankin, Graduate Research Assistant 
Daniel E. Smith, Research Assistant 
Project Objectives: 
Andrea Nasa row, Senior Food Science Student 
Department of Food Science and Technology 
Oregon State University, Corvallis, OR 97331-6602 
1. Assay protease and lipase activity and ascertain extent of potential bitterness 
development in 2% UHT milk with added hazelnut enzyme extracts. 
2. Evaluate the suitability of propylene oxide sterilized hazelnuts as a source of HEE 
and "whole nut" preparation(s). 
3. Characterize proteolytic, lipolytic and flavor imparting properties of various 
hazelnut preparations. 
4. Study and refine methodologies for preparation and incorporation of potential 
flavor imparting hazelnut preparations onto cheese curd. 
5. Conduct necessary cheesemaking trials to optimize incorporation of HEE and 
whole hazelnut preparation; ascertain proteolysis, lipolysis and sensory 
properties modification of lowfat cheese. 
High Pressure Inactivation of Enzymes 
1. Determine optimum high pressure treatment for HEE inactivation. 
2. Determine and describe effects of high pressure treatment on sensory and 
rheological properties of cheddar cheese. 
The primary goal of this project was to evaluate crude extracts of hazelnuts (HEE) to 
potentiate enhanced flavor in lowfat Cheddar cheese. HEE were initially extracted 
from hazelnuts (supplied by Westnut, Inc.) and evaluated for extent of proteolytic and 
lipolytic activity against a simplified, model dairy system (lowfat UHT milk), while 
simultaneously monitoring for any undesirable sensory characteristics (e.g. bitterness, 
unclean aftertaste, etc.). It was determined through numerous extraction trials that a 
1.5 M NaCI solution was the most effective method to extract HEE for subsequent 
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studies. In spite of maintaining aseptic conditions for HEE extraction, it was 
ascertained that use of propylene oxide "sanitized" hazelnuts was mandatory, plus use 
of a 0.45 f..im filter sterilization step was necessary to avoid unwanted microbial 
contaminants and associated proteases (see Figure 1 ). Sterile additions of freshly 
prepared HEE (4% v/v) were made to 236 ml cartons of 2% fat UHT milk, incubated at 
7.2°C to simulate cheese ripening for 3 to 18 days. At intervals cartons were removed 
for measurement of proteolysis and sensory evaluation; microbial counts were also 
undertaken. The OPA-assay of Church, et. al. and the Deeth method was employed for 
measuring proteolytic and lipolytic activity, respectively of the HEE treated 2% UHT 
milk samples (see Figure 2). The extent of HEE induced proteolysis increased with 
time; furthermore, microbial contaminants were most likely responsible for the 
extensive proteolytic activity on Cheddar cheese curd four decades ago. By the 14th 
through the 18 day, HEE treated milk samples tended to manifest extensive to 
pronounced bitter and/or unclean off-flavors. At this point the investigators projected 
that HEE would exhibit proteolytic activity against cheese curd, but that this enzyme 
activity would have to be controlled or inactivated by a certain point in time. It was also 
observed that lyophilization of the HEE was critical for maintaining the activity of the 
HEE. 
Reduced fat Cheddar cheese curd (obtained from the Cheddarmaster unit of Tillamook 
County Creamery Association) was obtained just prior to the salting stage. Various 
HEE extracts were used to treat the curd at various rates of concentration. Treated curd 
and control curd samples were hooped in 3 lb. size "gems," pressed and packaged, 
and aged at 7.2°C for 3 to 24 weeks. After 3 months (12 weeks) aging, sensory 
evaluation data indicated no impact of HEE treatment on cheese flavor development. 
After 6 months, unfiltered HEE treatment of curd indicated more bitterness and extent 
of unclean aftertaste in the cheese than the control samples. A subsequent lot of 
reduced fat Cheddar curd was treated with a 5-fold higher dose of HEE. Basically, the 
extent of proteolysis observed in cheese was not as extensive as in the 2% UHT milk 
samples. However, the extent of bitterness detected by sensory analysis and the lack 
of characteristic Cheddar flavor intensity after 24 weeks of ripening, plus no evidence 
of flavor enhancement as a result of HEE treatment led to the conclusion that HEE had 
little or no impact on flavor improvement for low- or reduced-fat Cheddar cheese. 
Project Summary/Conclusions: 
1. Determined a more effective protocol for extracting hazelnut enzymes (HEE) 
from prepared nuts (1.5 M NaCI) 
2. Demonstrated protease and modest lipase activity of HEE in a 2% UHT milk 
system. Substantial levels of bitterness and some unclean off-flavor were 
detected in the milk due to protease activity. 
3. Established the suitability of propylene oxide as a "sanitizer" for hazelnuts 
preparatory to producing HEE or "whole nut" preparations. 
4. Ascertained several methodologies for incorporating HEE and whole hazelnut 
preparations onto cheese curd . 
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Figure 1. Protocol for preparation of hazelnut enzyme extract 
Hazelnut Meats 
J, 
J, Liquid N2 Immersion 
J, Osterizer blender 
Hazelnut Powder 
J, 
J, Extraction- 2 1/2 hrs, 4°C with 1.0 M NaCI 
Crude NaCI - HEE 
J, 
J, Strained thru 4-ply cheesecloth 
Strained NaCI- HEE 
J, 
J, Centrifuge (8000 g, 20 min@ 4°C) 
Aqueous Phase Isolate 
J, 
J, Lyophilize 
Lyophilized Isolate 
J, 
J, Reconstitute with deionized H20 
J, Filter sterilize (0.22 11m) 
Sterile HEE preparation 
• Figure 2. Protocol for screening hazelnut enzyme extracts for proteolytic activity. 
• 
HEE Treatments 
Unfiltered (U) - after Parpia 
Sterile Filtered (F) - 0.2Jlm 
Control (C)- Boiled 15 minutes 
J, 
Inoculate 2% UHT milk 
(4% HEE by volume) 
J, 
Incubate at 45°F (7.2°C) 
for 3, 6, 14 and 18 days 
J, 
Determine extent of proteolysis using 
OPA (o-phthaldialdehyde) method by Church, et at 
J, 
Sensory Evaluation by Expert Panel 
Bitterness and other off flavors · 
J, 
Standard Plate Counts 
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Project Title: 
Personnel: 
Funding: 
Objectives: 
Development of thermophilic cultures for 
manufacture of low fat and fat free Mozzarella: 
1. Increasing casein proteolysis. 
Ponald J. McMahon 
Crai~ J. Ober~ 
Roxanne Fecera 
Nutrition & Food Sciences Dept, Utah State University 
WESTERN CENTER FOR DAIRY PROTEIN 
RESEARCH AND TECHNOLOGY 
Utah Agricultural Experiment Station 
It is known that low fat mozzarella cheese must be aged for a longer period than part 
skim mozzarella This is to allow sufficent breakdown of the cheese body to improve its 
melting properties. It is also known that during the initial few weeks of storage, the casein 
are hydrolyzed. The objective of this project was to use a proteinase positive adjunct 
culture to increase proteolysis with the aim of reducing the aging time for low fat 
mozzarella cheese . 
Results: 
As fat is removed from Mozzarella cheese, the protein content increases compromising 
the desired physical characteristics of meltability and stretch, because of the increased 
toughness of the cheese. Low fat (6% fat) Mozzarella cheese was manufactured with the 
addition of a proteinase positive (Prt+), lactose deficient (Lacd) Lactococcus lactis adjunct 
culture, and the physical properties of the cheese were evaluated. Milk was pasteurized at 
80°C for 29 s and standardized to 0.6% fat It was then acidified to pH 6.0 with dilute 
acetic acid and inoculated with single strains of Lactobacillus helveticus and Streptococcus 
thermophilus and increasing concentrations of the Prt+, Lac<i adjunct culture at 0.25%, 
0.5% and 1%. To aid in moisture retention, a lower cook temperature was used (38°C) and 
the curd was kept in the whey until it reached a pH of 5.2. Moisture, fat, protein and ash 
content of the cheese were measured at 1 d. Stretch and melt were evaluated at 1, 7, 14 and 
28 d during storage at 4 °C. Proteolysis in the cheese during the storage period was 
measured using SDS-PAGE. Cheeses made with the Prt+ Lacd adjunct culture had shorter 
make times and were slightly higher in moisture than the control. During the first 14 days 
of storage these cheeses melted more readily than the control, however, by 28 d all cheeses 
melted to the same extent. The cheeses made with the adjunct culture became softer more 
• rapidly than the control, which was particulary apparent when the cheeses were shredded. 
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Impact of Research: 
Meltability is still a major challenge facing companies that wish to participate in the low fat 
cheese market This research demonstrates one strategy that can be used to improve 
meltability. By using Prt+ culture adjuncts the maturation rate oflow fat mozzarella can be 
increased so that the cheese does not have to be stored for an extended period before it can 
be sold. Another impact of the research is that it demonstrates how little we know about 
the process of aging in mozzarella cheese as it relates to meltability. Further work is 
needed in this area to better show what are the proteolytic breakdown patterns and which 
proteins control viscosity and flowability of the melted cheese. 
Publications: 
None 
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Project Title: 
Personnel: 
Funding: 
Development of thermophilic cultures for 
manufacture of low fat and fat free Mozzarella: 
2. Exopolysaccharide producing cultures. 
Donald J. McMabon 
Crai~ J. Ober~ 
David Perry 
Nutrition & Food Sciences Dept., Utah State University 
WESTERN CENTER FOR DAIRY PROTEIN 
RESEARCH AND TECHNOLOGY 
Utah Agricultural Experiment Station 
Objectives: 
When low fat cheeses are made, it is necessary to increase cheese moisture content 
significantly or else the cheese is too hard and rubbery. One way to do this is to increase 
the water holding capacity of the cheeses components and the specific objective of this 
project was to do so by using starter cultures that produce exopolysaccharides. 
Results: 
We manufactured low fat (6% fat) Mozzarella cheeses using an exopolysaccharide 
(EPS) producing paired starter culture, consisting of Streptococcus thermophilus and 
Lactobacillus delbrueckii ssp. bulgaricus, and an EPS producing adjunct culture, consisting 
of Lactococcus lactis ssp. cremoris and Lactococcus lactis ssp. lactis, and to determine the 
effect on moisture retention in the cheese. Ten-liter vats of low fat Mozzarella cheese were 
made with the EPS producing starter culture, with and without the addition of the EPS 
producing adjunct. Cheese was also manufactured with the use of a non-EPS producing 
starter culture, consisting of Streptococcus thermophilus and Lactobacillus helveticus, with 
and without the addition of the EPS producing adjunct. All cheeses were stored at 4 °C for 
28 days. Moisture content of the cheese was determined one day after the cheese was 
manufactured. Melt and stretch values were determined on days 1, 7, 14, and 28. Low fat 
Mozzarella cheese made with the EPS producing starter culture and adjunct retained the 
most moisture, and had a shorter make time. Cheese made with the EPS producing starter 
culture and no adjunct also showed an increase in moisture. Cheese made with the non-
BPS producing starter culture and the EPS producing adjunct showed a increase in 
moisture although it was not as great All cheeses showed a increase in melt over time. 
Cheese made with the EPS producing starter culture and adjunct culture showed the most 
melt at all days demonstrating a correlation between increased moisture and increased melt. 
All cheeses showed a decrease in stretch over the 28 days of storage, with the biggest 
decrease occurring between days 14 and 28. 
Impact of Research: 
This research clearly demonstates how choice of starter culture affects the moisture content 
of the cheese. Previously, this was not a function attributed to cheese starter cultures. 
However, manufacturers of low fat cheeses can use this technology to increase the cheese 
moisture content and thus produce a less rubbery cheese. It also has implications for 
increasing cheese yield. 
Publications: 
None 
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AGENDA 
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WESTERN CENTER 
ANNUAL MEETING - 1995 
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1:00 p.m. INTRODUCTION 
Welcome - Floyd Bodyfelt 
2:00p.m. 
2:15p.m. 
2:30p.m. 
2:45p.m. 
3:00p.m . 
3:15p.m. 
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4:00p.m. 
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Review of FY96 annual plan - Carl Brothersen 
Review of center operations - Carl Brothersen 
PROJECT REPORTS 
Bruce Geller- Bacteriophage-resistance gene replacement in Lactococcus 
lactis. 
Donald McMahon - Rheology and microstructure of Mozzarella cheese. 
Donald McMahon - Protein and mineral distribution in the bovine casein 
micelle 
Rodney Brown - Milk protein interactions and gelation during thermal 
processing. 
Rodney Brown - Purification of monospecific polyclonal antibodies from 
bovine cheese whey. 
BREAK 
Lynn Ogden - Casein modification in skim milk with improved color/body 
for spray drying and use in frozen/fermented dairy products. 
Conly Hansen - Time and processing effects on water interaction with the 
protein-reduced fat matrix (low-fat cheese project). 
Antonio Torres - Moisture movement in low-fat cheese. 
Donald McMahon - Development of thermophilic cultures for manufacture 
of low-fat and non-fat Mozzarella cheese (low-fat cheese project). 
Donald McMahon- Protein breakdown in low-fat and non-fat Mozzarella 
cheese. 
ADJOURN 
GROUP DINNER 
• 
• 
• 
July 14, 1995 
7:00 a.m. Continental breakfast 
PROJECT REPORTS 
8:00 a.m. Jeff Broadbent - Influence of alternative starter cocci on the physical 
properties of low-fat Mozzarella cheese 
8:15a.m. Bart Weimer- Tryptophan metabolism by starter and adjunct bacteria in 
low-fat Cheddar cheese. 
8:30a.m. Bart Weimer- Arginine metabolism by starter and adjunct bacteria in low-
fat Cheddar cheese 
8:45 a.m. Bart Weimer - Role of amino acids and carbohydrate in the production of 
volatile hydrophobic flavor compounds in low-fat Cheddar cheese by 
Brevibacterium linens. 
9:00a.m. Bart Weimer- Methionine metabolism by starter and adjunct bacteria in 
low-fat Cheddar cheese 
9:15a.m. Jeff Broadbent/Bart Weimer- Peptide characterization and analysis of 
flavor components from low-fat Cheddar cheese. 
9:30a.m. Jeff Broadbent- Indole production by lactobacteria in low-fat Cheddar 
cheese. 
9:45 a.m. Jeff Broadbent - Tyrosine metabolism and the formation of para-cresol in 
low-fat Cheddar cheese. 
10:00 a.m. BREAK 
10:30 a.m. LOW-FAT CHEESE PROJECT DISCUSSION 
12:00 p.m. GROUP LUNCH 
1:30 p.m. OAC MEETING 
3:30p.m. ADJOURN 
• 
• 
• 
WESTERN CENTER FOR DAIRY PROTEIN 
RESEARCH AND TECHNOLOGY 
OPERATIONAL ADVISORY COMMITTEE 
BUSINESS MEETING AGENDA 
JULY 14, 1995 
1. Acceptance of 1994 OAC Meeting Minutes 
2. WCDPRT Financial Report 
3. Review of 1994 Technical Advisory Committee Report 
4. Approval of research for FY95 
• 
• 
• 
WESTERN CENTER FOR DAIRY PROTEIN 
RESEARCH AND TECHNOLOGY 
OPERATIONAL ADVISORY COMMITTEE 
Pursuant to the WDFRC proposal and contract with the National Dairy Promotion 
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Utah State University 
Logan UT 84322-4800 
(801) 750-2215 
Daniel F. Farkas, Head 
Department of Food Science 
and Technology 
Wiegand Hall 240 
Oregon State University 
Corvallis OR 97331 
(503) 737-3131 
James Moran 
Kraft, Inc. 
Research and Development Div. 
801 Waukegan Road 
Glenview IL 60025 
(312) 998-3717 
Raj G. Narasimmon 
Schreiber Foods, Inc. 
P.O. Box 19010 
Green Bay WI 54305 
(414) 437-7601 
Gale Moser 
United Dairymen of Idaho 
1864 South Hulls Crossing 
Preston ID 83263 
(208) 852-0560 
Sheldon Pratt 
Oregon Dairy Products Commission 
10505 S.W. Barbur Blvd. 
Portland OR 97219 
(503) 229-5033 
Donald McMahon, Director, 
Western Center 
Department Nutr. & Food Sciences 
Utah State University 
Logan UT 84322-8700 
(801) 750-2106 
Barney Krueger 
Avonmore West 
1341 Fillmore 
Twin Falls, ID 83301 
W. E. "Ted" Whitehead 
Tillamook County Creamery Ass'n 
P.O. Box 313 
Tillamook, OR 98141 
(503) 842-4481 
Kevin Gillies 
Marschall Products 
P.O. Box 592 
Madison WI 53701 
(608) 276-3600 
Lawrence Wiser 
Utah Dairy Commission 
2890 W. Center 
Lewiston, UT 84320 
(801) 258-2696 
Ann Sorenson, Head 
Department of Nutr. & Food Sciences 
Utah State University 
Logan UT 84322-8700 
(801) 797-2102 
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WESTERN CENTER FOR DAIRY PROTEIN 
RESEARCH AND TECHNOLOGY 
PRINCIPAL INVESTIGATORS 
Floyd W. Bodyfelt 
Dept. of Food Science & Technology 
Oregon State University 
Corvallis OR 97331 
Rodney J. Brown 
Dept. of Nutrition & Food Sciences 
Utah State University 
Logan UT 84322-8700 
Donald J. McMahon 
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Science 
Utah State University 
Logan UT 84322-8700 
Mark A. Daeschel 
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Oregon State University 
Corvallis OR 97331 
Bruce L. Geller 
Dept. of Microbiology 
Oregon State University 
Corvallis OR 97331 
Conly L. Hansen 
Dept. of Nutrition & Food Sciences 
Utah State University 
Logan UT 84322-8700 
Jeff Broadbent 
Dept. of Nutrition & Food Sciences 
Utah State University 
Logan UT 84322-8700 
Bart Weimer 
Dept. of Nutrition & Food Sciences 
Utah State University 
Logan UT 84322-8700 
J. Antonio Torres 
Dept. of Food Science & Technology 
Oregon State University 
Corvallis OR 97331 
Paul A. Savello 
Dept. of Nutrition & Food Sciences 
Utah State University 
Logan UT 84322-8700 
William E. Sandine 
Dept. of Microbiology 
Oregon State University 
Corvallis OR 97331 
Gerald Schelling 
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University of Idaho 
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Bacteriophage-resistance gene 
replacement in Lactococcus lactis 
Principal Investigator: Bruce Geller 
Title: Bacteriophage-resistance gene replacement in Lactococcus lactis 
.ersonnel: Bruce Geller 
Department of Microbiology 
Oregon State University 
Funding: Western Center for Dairy Protein Research and Technology 
Introduction 
My lab has cloned and sequenced a gene from Lactococcus lactis, called pip, which is 
required for bacteriophage infection. We have tested approximately 15 phages that attack our 
test strain (L. lactis ssp. lactis C2), and all but one phage (skl) is completely resistant to the 
strain with a mutated pip. In addition, we have evidence that pip is required for phage infection 
of other strains. 
The project is beginning its third year, and is in the process of creating better phage- · 
resistant strains than are currently available. This is being done by exchanging a mutated copy of 
pip with the normal copy of pip in the phage-sensitive strain. The methods we are using for 
genetic exchange will allow the introduction of the mutated pip into many different strains of L. 
lactis. This should make it easy to convert any existing strain to a phage-resistant strain by 
exchanging pip. 
Specific Objectives 
The primary objective of the proposed research is: To replace the wild-type 
chromosomal pip gene with a mutated copy, in order to create a stable, phage-resistant strain . 
• Strategically, the intermediate aims necessary to attain the primary objective are: 
a. To make in vitro mutations in the cloned gene required for phage infections. 
b. To insert the mutated copies of pip into the chromosome and exchange it with the 
wild-type gene. 
c. To test the different mutants for viability, phage resistance and growth characteristics 
favorable to cheese-making. 
Significance 
Phage infection of cheese and other dairy fermentations is the most significant cause of 
ruined fermented milk products. Because nearly 30% of the raw milk produced in the United 
States is used to make cheese, even a small percentage of the milk ruined by phage 
contamination represents a large quantity of lost milk, as well as lost profits and higher consumer 
costs. Often the product of failed cheese fermentations must be disposed of entirely, or sold at a 
small fraction of what high quality products command. Reduction or elimination of this problem 
would decrease the waste of milk, and through economic means, would increase the consumption 
by humans. 
The proposed research would create new strains of lactic bacteria for starter cultures that 
are more phage-resistant than currently available. This strain improvement project differs 
significantly from those in the past, in that it proposes to use molecular genetic engineering 
techniques to introduce mutational changes not practically possible by conventional strain 
improvement technology. It must be emphasized that these genetically engineered strains would 
• 
contain no foreign DNA, no additional DNA of any kind, and would be food-grade organisms 
according to current FDA rules. 
The proposed research plans to take what we have learned from our basic research on 
phage infractions and apply it to the development of new strains. The new strains will be tested 
.or their growth characteristics necessary to make cheese. This testing includes the effects of the 
new strains on milk proteins, such as the casein proteolytic activities and coagulation times. In 
this way, the aims of the proposed research are very much in keeping with the focus of the 
Western Center for Dairy Protein Research and Technology. 
• 
Results 
Since our last reports we resolved problems with conflicting data and screening isolates 
using Southern blots. We have successfully exchanged the mutated pip gene for the wild pip in 
strain LM2301. We are currently moving the mutated pip gene into other strains. 
We are testing strain LM2301 in cheese making trials to determine suitability and phage 
resistance. 
Deliverables 
1. 
2. 
For FY95 (07/01/94- 06/30/95), the deliverables are: 
A "food-grade", mutated copy of pip, that can be used to integrate into the chromosome of 
Lactococcus lactis and replace the wild-type copy of pip, without leaving any foreign DNA 
in the chromosome. 
A strain with the "food-grade", mutated copy of pip inserted into the chromosome and 
substituted for the wild-type copy. 
A test of the pip-substituted strain described above. This will include tests of phage 
resistance and other favorable cheese-making characteristics . 
• 
Rheology and microstructure of 
Mozzarella cheese 
• Principal Investigator: Donald McMahon 
• 
• 
• 
• 
Project Title: 
Personnel: 
Funding: 
Objectives: 
Rheology and Microstructure of Mozzarella 
Cheese 
Donald J. McMahon 
Crai~ J. Ober~ 
Robert Fife 
Nutrition & Food Sciences Dept, Utah State University 
WESTERN CENTER FOR DAIRY PROTEIN 
RESEARCH AND TECHNOLOOY 
Utah Agricultural Experiment Station 
It is well known that the stretch and melt characteristics of Mozzarella cheese are 
important aspects of its appeal to consumers. Although there have been a number of recent 
investigations of the factors that affect these properties, our knowledge of why Mozzarella 
cheese stretches and melts is still very limited. 
An understanding of the process of cheese melting would enable us not only to control 
the production of conventional Mozzarella cheese but also develop new cheese products 
designed to satisfy consumer demands for lowfat cheeses. The objectives of this project are 
to: 
Results: 
A. Develop rheological and electron microscopic techniques for the 
measurement the melting and stretching phenomena of cheese. 
B. Study the protein-fat interactions using the techniques developed 
above to determine how stretch and melt properties are related. 
Our electron microscopy studies have shown that when mozzarella cheese curd is put 
through the hot water cooker/stretcher the protein network is aligned into strands by 
mechanical action. At the typical pH of mozzarella cheese the para-casein proteins are 
"sticky" in nature and have a tendency when in contact to fuse together. Much of this 
fusion comes about through hydrophobic interactions and is a continuation of the 
aggregation process that started when the milk was renneted. 
This process of protein fusion continues until the proteins are physically interrupted by 
other components of the cheese that do not have the same hydrophobic properties. In 
mozzarella cheese, this role is played by the fat globules. The aqueous surface of the fat 
globule membrane is very hydrophilic and if it is intact there is no interaction between the 
fat globules and the para-casein. (If the fat has been homogenized then it will interact 
• 
• 
• 
because of the presence of casein micelles that become adsorbed to the fat surface during 
homogenization.) 
The result of this is that the serum channels observed between the protein strands after 
mozzarella cheese is stretched are filled with close packed fat globules. In other words, the 
fusion of the protein has continued until they can no longer move together because of 
pressure exerted by the fat globules. So if low fat mozzarella cheese is to be made then an 
alternative method needs to be found to prevent protein fusion. The moisture content of the 
cheese depends on the openness of the cheese because it is within these serum channels that 
free water is held. 
Selection of fat replacers for use in low fat mozzarella must therefore include the ability 
of the fat replacer to form such serum channels which in turn is dependent on the ability of 
the fat replacer to 1lQ1 interact with the para-casein. The most effective way to do this is to 
use microcrystalline cellulose which because of its larger size and inertness forms more 
openness in the cheese. Although other attributes must be considered such as the ability of 
the fat replacer to allow movement of the protein when it is heated. If it exerts too much 
friction it will decrease meltability. 
A further observation of our work is that observed changes in microstructure must be 
interpreted in light of the above discussion. Some authorsl,2 have implied that during 
refrigerated storage of mozzarella cheese a coalescence of fat globules occurs. Since the 
movement of the fat globules through the plastic protein mass is unlikely another 
explanation for what appears to be aggregated fat globules must be sought Knowing the 
state of water changes during storage of cheese, such an explanation can be given in terms 
of interaction of the protein with any free water. At day 1 after the cheese is made there is a 
considerable amount of water that can be "squeezed" out of the cheese, a lot of this is the 
water that fills the interstices between the fat globules. Then during the next 14 days this 
water is absorbed by the protein matrix and can no longer be physically extracted. As a 
consequence the protein "pulls" tightly around the fat globules and instead of the serum 
channels being observed as large smooth voids, each individual fat globule becomes 
partially surrounded by the protein matrix and leaves individual voids when extracted 
during SEM preparation. 
lLJ. Kiely, P.S. Kindstedt, G.M. Hendricks, J.E. Levis, JJ.Yun and D.M Barbano. 1993. Age related 
changes in the microstructure of mozzarella cheese, Food Structure 12:13-20. 
2M.H. Tunick, K.L. Mackey, J.J. Shein, P.W. Smith, P. Cooke and EL. Malin. 1993. Rheology and 
microstructure of low-fat mozzarella cheese. Int. Dairy J. 3:649-662. 
• 
• 
• 
Impact of Research: 
Understanding the relationship between fat content and the protein matrix will give 
cheesemakers a basis upon which to control moisture content of mozzarella cheese. It will 
also help in selecting which fat replacers to use. 
Publications: 
None 
• 
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Protein and mineral distribution in 
the bovine casein micelle 
Principal Investigator: Donald McMahon 
• 
• 
• 
Project Title: Protein and Mineral Distribution in the Bovine Casein Micelle . 
Personnel: 
Funding: 
Donald ,I. McMahon 
Constance V. McManus 
Nutrition and Food Sciences Dept. Utah State University 
William R. McManus 
Biology Dept. Utah State University 
Western Center for Dairy Protein Research and Technology 
Utah Agricultural Experiment Station 
Objective, Year 1: A. To detennine optimal fixation methods for raw and cooled milks, 
retaining relative distribution and shape of proteins, antigenic 
activity of proteins and retaining mineral constituents of the casein 
micelle. 
Results: 
Effects of Fixation on Casein Micelle Proteins 
Experimentation has been conducted to detennine the appropriate protein preservation of 
the casein micelle for electron microscopic examination. 
Buffering gf the milk prior to, and during fixation is critical in the maintenance of the native 
casein protein distributions within the casein micelle. The loss of calcium and/or 
phosphorus, due to pH or osmotic change will cause the removal of proteins from the 
casein micelle . 
Temperature is also an important factor, as cooling the milk will remove ~-casein and 
heating may incorporate whey proteins into the casein micelle. Optimal buffering of the 
milk was obtained with direct addition of concentrated fixative to the milk. Due to the fact 
the aldehyde complexing is relatively slow, mixing and thus dilution of the concentrated 
fixative can be achieved prior to chemical fixation of the proteins. Because only a small 
amount of concentrated fixative is added to the milk, buffering capacity and osmolality are 
retained. This procedure results in a preservation of the casein micelle which demonstrates 
an open protein structure, with detail throughout the casein micelle. The utilization of 
standard electron microscopic buffers (phosphate, cacodylate) yielded condensed, and 
flocculated-appearing proteins. Solidification of milk with warm agar prior to fixation was 
shown to modify protein structure, yielding condensed casein micelles. Several chemical 
fixatives, at different concentrations were examined. The variations in protein preservation 
from these various fixations are not readily discernible. 
Retention of Antigenic Activity of Proteins 
ELISA testing has been utilized to determine antigenic activity of the casein proteins 
following various fixation regimes. 4% formaldehyde yielded optimal results, retaining 
good structural preservation with only minimal antigenic loss . 
• 
• 
• 
Retention of Mineral Constituents in and Pre.paration of Casein Micelles for Examination by 
Electron Spectro~raphic Ima~ery. ESI. of Calcium and Phosphorus 
Direct absorption of casein micelles to carbon-coated grids in conjunction with short water 
rinsing and freeze-drying has been utilized to retain the colloidally-bound calcium 
phosphate in the casein micelles. A statistically-based analysis program has been 
developed to aid presentation of the ESI results. The images are false-colorized based upon 
the change in image intensity compared to a mean background intensity. This methodology 
has enabled us to track experimental changes in calcium and phosphorus distribution in 
casein micelles. 
Impact of Research 
Clarification of protein and mineral structure with the casein micelle visualized through 
electron microscopy is of paramount importance to the understanding of the casein micelle. 
Through this current research, a new understanding of fixation effects on these proteins has 
been ascertained, and a clearer picture of the protein within the casein micelle has been 
established. Retention of the mineral component has been achieved and techniques 
developed to examine calcium and phosphorus have been completed. As our studies into 
protein and mineral distribution continue, we will build upon this base through immuno-
labeling and elemental mapping study to ascertain the intricacies of the casein micelle. 
Publications 
McManus, W.R., McMahon, D.J., and Gary, W., Changes In Calcium and Phosphorus 
Distribution in Bovine Casein Micelles following acidification, Utilizing Electron 
Spectroscopic Imaging., J. Scanning Micros. 17 (Supp.5): 129-130 
• 
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Milk protein interactions and gelation 
during thermal processing 
Principal Investigator: Rodney Brown 
• 
• 
• 
Purification of monospecific polyclonal 
antibodies from bovine cheese whey 
Principal Investigator: Rodney Brown 
1 
• Project Title: Purification of Monospecific Polyclonal Antibodies 
from Bovine Cheese Whey 
• 
• 
Personnel: Premysl Konecny, Biotechnology Center, Utah State University, Logan, UT 
William H. Scouten, Biotechnology Center, Utah State University, Logan, UT 
Rodney J. Brown, College of Agriculture, Utah State University, Logan, UT 
Funding: Western Center for Dairy Protein Research and Technology 
Introduction: Whey is a very rich source of proteins, the total protein content of sweet whey 
is 6-8 giL. Immunoglobulins (mainly immunoglobulin G) form about 10% of this amount. 
Common immunoglobulins, naturally present in whey, can be used as dietary supplement to 
prevent or reduce bacterial or viral infections in newborn animals. Whey could also serve as a 
source of valuable monospecific polyclonal antibodies, which can be produced in cows. This study 
investigated purification of immunoglobulin G using a highly selective method of thiophilic 
chromatography. In the main part of this project we focused on production of monospecific 
polyc1onal antibodies in milk and their purification from whey using immunoaffinity 
chromatography. These antibodies can be used instead of similar antibodies produced in other 
animal species and isolated from blood serum. 
Objectives: The goals of this research are production of monospecific polyclonal antibodies 
in bovine milk, and purification of these antibodies from cheese whey. The 
specific objectives of this study are as follows: 
1. Optimize antibody titers in bovine milk by testing various immunization schemes. 
2. Develop a purification method using affmity chromatography with immobilized antigens for 
purifying antibodies from whey. 
Results: Dairy cows were immunized with mouse immunoglobulin G (IgG) and 
dinitrophenyl-keyho1e limpet hemocyanin (DNP-KLH). Antibodies to these antigens were detected 
in both sera and milk, which was subsequently processed into whey. Anti-mouse IgG titers peaked 
two weeks after the second and third booster injections, the titers in whey were 1/160 on days 55, 
83 and 90. Levels of anti-DNP antibody were enhanced after the second booster, when titers 
reached 1/1280 and 1/640 on days 45-62. Bovine anti-mouse IgG and anti-DNP antibodies were 
then purified from the hyperimmune whey by immunoaffinity chromatography on matrices with 
the immobilized antigens . 
• 
• 
2 
We immobilized mouse IgG and DNP groups separately on EmphazeTM Biosupport 
Medium ABl, a sturdy, chemically and mechanically resistant matrix allowing high flow-rates. 
Mouse IgG was bound with a high (82-91 %) efficiency. DNP groups were immobilized on bovine 
serum albumin attached to Emphaze. Bovine anti-DNP antibody was purified on Emphaze-BSA-
DNP column 100-130 times by a single chromatographic run. The dynamic capacity ofEmphaze-
BSA-DNP column for the anti-DNP antibody was approximately 1.1 mg/ml gel. 
Bovine anti-mouse IgG antibody was purified from hyperimmune whey by a single pass 
through the Emphaze-mouse IgG column, equilibrated at pH 6.7, similar to the pH of sweet whey 
(6.0-6.7). Release of the anti-mouse IgG antibody required low pH (2.9) elution. Since antibodies 
are prone to loss of reactivity at acidic conditions, the pH of the eluant was adjusted to neutral after 
the elution. In a typical run, 1 L of whey was passed through Emphaze-mouse IgG column (4.9 
ml) and yielded 8.1-8.7 mg of the antibody in the eluate. Based on ELISA measurements, we 
determined that the dynamic capacity of Emphaze-mouse IgG column at a linear flow rate of 215 
cmlh was 1.5 mg of bovine anti-mouse IgG per ml gel. 
A single Emphaze-mouse IgG chromatography purified the anti-mouse IgG antibody by a 
factor of 380. Immunoelectrophoresis and SDS-PAGE (sodium dodecylsulfate-polyacrylamide gel 
electrophoresis) showed high purity of the preparation. Traces of lactoferrin were the only 
contaminant visible in SDS-PAGE. It was possible to remove lactoferrin by a high concentration 
salt wash (1.0 M NaCl/ equilibration buffer), but this step is probably not necessary since it 
complicates the purification and does not appreciably improve the purity of the fmal preparation. 
Sandwich ELISA tests were conducted under identical conditions using anti-mouse IgG 
isolated from whey and a commercial goat anti-mouse IgG as primary antibodies used at the same 
concentration for coating ELISA plates. Assays were linear in the range of 0.6-80 J.Lg mouse IgG 
per ml at a primary antibody concentration of 0.001 mg/ml. The bovine anti-mouse IgG antibody 
from whey showed the same activity and reacted with its antigen as the commercial goat antibody. 
Conclusion: Immunization of dairy cows with two different antigens (mouse IgG and DNP-
KLH) showed that specific polyclonal antibodies could be produced in milk. The antibodies 
remained in whey after cheesemaking and were isolated by immunoaffinity chromatography, 
which employed matrices with the immobilized antigens. Bovine anti-mouse IgG and anti-DNP 
antibodies were essentially pure, as determined by ELISA, immunoelectrophoresis and SDS-
PAGE, and both antibodies were functional. We demonstrated that bovine anti-mouse IgG 
antibody could be used as a substitute for a commercial product, derived from goat serum, in 
• ELISA in IgG-type monoclonal antibody screening. Thus, polyclonal antibodies against various 
3 
• antigens produced in cattle and isolated from whey might be employed in diagnostic assays. 
Antibody titers in whey were low compared to titers in blood sera, but whey is, unlike 
serum, available in large quantities. Hyperimmune milk will be preferably processed separately. 
Ultrafiltration can reduce the volume of whey to 20-10% of its original volume. No additional 
pretreatment of whey will be necessary. Mfmity chromatography has a high potential for large-
scale downstream processing and implementing it would be a feasible task. The purification 
procedure we developed essentially requires only one passage through an immunoaffinity column. 
The column could be incorporated into the processing or utilized as a peripheral processing feature. 
Significance to the Dairy Industry: 
Large amounts of hyperimmune whey could serve as an inexpensive source of 
monospecific polyclonal antibodies. These antibodies are extensively used in medical diagnostics, 
research and therapy. They are also essential tools in cell biology, immunohistochemistry and 
biotechnology. These antibodies purified from whey will compete with antibodies isolated from 
blood serum, and can be profitably marketed at prices lower than charged for antibodies derived 
from serum. Preliminary calculations have shown cost effectivness of this production, from which 
• the dairy industry will benefit 
• 
Publications: 
P. Konecny, R.J. Brown, W.H. Scouten, Purification of monospecific polyclonal antibodies from 
hyperimmune bovine whey using immunoaffmity chromatography, submitted for publication, J. 
Biotechnol. (1995). 
P. Konecny, R.J. Brown, W.H. Scouten, Monospecific polyclonal antibodies from hyperimmune 
inilk, U.S. Pat. Appl. (1995). 
P. Konecny, R.J. Brown, W.H. Scouten, Chromatographic purification of immunoglobulin G 
from bovine milk whey, J. Chromatogr., 673, 45-53 (1994). 
Presentations: 
P. Konecny, R.J. Brown, W.H. Scouten, Purification of polyclonal antibodies from whey by 
immunoaffmity chromatography, 11th International Symposium on Mfinity Chromatography and 
Biological Recognition, San Antonio, TX, U.S.A., 1995. 
P. Konecny, R.J. Brown, W.H. Scouten, Purification of monospecific polyclonal antibodies from 
whey by immunoaffinity chromatography, 209th American Chemical Society National Meeting, 
Anaheim, CA, U.S.A., 1995. 
P. Konecny, W.H. Scouten, Chromatographic purification of lgG from bovine milk whey, 207th 
American Chemical Society National Meeting, San Diego, CA, U.S.A., 1994. 
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Casein modification in skim milk with 
improved color/body for spray drying and 
use in frozen/fermented dairy products 
Principal Investigator: Lynn Ogden 
• Project Title: Casein modification in skim milk for improved color/body for spray drying 
and use in frozen/fermented dairy products 
• 
• 
Personnel: 
Funding: 
Objective: 
Lynn v. O~d.en, Food Science and Nutrition Dept., Brigham Young University 
Paul Savello, Nutrition and Food Sciences Dept., Utah State University 
Western Center for Dairy Protein Research and Technology 
Dr. Savello was granted a patent in November of 1994 (5,368,869) for a method to treat 
skim milk to achieve increased creaminess, color, and mouthfeel. The process reportedly results 
in skim milk with the appearance of 2% milk. The objectives of this project are to investigate · 
application of this technology to spray drying, rehydration and subsequent use in frozen and 
cultured products. The specific objectives are to: 
1. Determine the effect of degree of hydrolysis and clotting enzyme on the physical 
and sensory properties of treated spray dried reconstituted skim milk powder. 
Properties will be compared to powder from untreated skim milk. 
2. Compare physical and sensory properties of fat reduced ice cream and yogurt 
made with treated and untreated skim powder to learn if the added richness is 
evident and beneficial in products . 
3. 
Results: 
Determine the optimum degree of hydrolysis of K-casein hydrolysis required to 
enhance the physical and sensory properties. 
Work was recently initiated at BYU upon notification of approval in March 1995. 
Initially we are learning to practice the invention using a 2°C batch reaction and an application of 
.02 to .04% chymosin for 20 to 60 minutes. The reaction is stopped by heat denaturation of the 
chymosin in a lab scale plate pasteurizer at 77°C. Fluid product is being compared with product 
made at Utah State on an experimental continuous system where the reaction temperatures and 
times are 27 to 32°C for 3 to 5 minutes. The suitability of a Hunter Colorimeter at BYU to make 
color comparisons is being evaluated. Color comparisons are made at USU using an Omnispec. 
The suitability of the 15% TCA soluble non-protein nitrogen as an indicator of degree of 
hydrolysis is being evaluated. 
Once we are making product that represents optimum practice of the invention, product 
will be prepared at a range of hydrolysis levels and with three milk clotting enzymes for 
evaluation as rehydrated beverage milk and as ingredients in frozen and cultured products . 
• 
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Time and processing effects on water 
interaction with the protein-reduced 
fat matrix 
Principal Investigator: Conly Hansen 
• 
Moisture movement in low-fat cheese 
• 
Principal Investigator: Antonio Torres 
• 
July 12-13, 1995 
Western Dairy Center Annual Meeting 
• Report on Moisture Movement Studies in Low Fat Cheese 
By 
J. Antonio Torres, Conly L. Hansen, G.S. Bakshi 
BACKGROUND SITUATION 
~ Variability in the body and texture of reduced fat Cheddar cheese is caused 
by moisture movement within large cheese blocks occurring during the first 
days of aging. Moisture variability within these blocks can be 5-I 0 fold 
larger than moisture variability among production lots. Cheese obtained 
from the same block can be hard and crumbly or soft and mushy. Moisture 
movement has been associated with non-uniform cooling of cheese blocks. 
This observation provides no mechanistic interpretation for moisture 
migration, e.g., why does moisture move so fast? Finally, procedures to 
estimate the average moisture content of large cheese blocks and barrels are 
not effective solutions to moisture variability. 
• RESEARCH DELIVERABLES 
r• 
I 
Implications of Early Microstructure Changes 
~ TEM and SEM micrographs showed Cheddar cheese undergoing rapid and 
major changes in microstructure. At day 1, cheese resembled a sponge with 
highly interconnected channels. The porous matrix was recognizable at day 
2 but older cheese showed a continuous protein matrix with no sponge-like 
appearance. This information was used to formulate a predictive model for 
moisture migration based on porous flow controlled by the matrix porosity 
and permeability. Cheese "permeability" is high when the cheese 
microstructure is "porous" and the "pores" are interconnected. In cheese 
with a continuous protein matrix microstructure, moisture moves by 
diffusion which is a much slower process than porous flow. Therefore, the 
fast moisture migration observed in large cheese blocks during the first few 
days of aging can be attributed to porous flow in a sponge-like 
microstructure with highly interconnected channels. 
~ An observation derived from the predictive model is that "moisture velocity 
approaches zero in cheese which has negligible permeability." Therefore, 
moisture migration could be controlled if curd had a continuous protein 
matrix microstructure. The fast whey movement associated with the porous 
• 
• 
,. 
matrix flow would be eliminated. 
Interaction of Moisture With Cheese Curd Matrix 
Determined the state of water and its changes with time in cheese blocks 
with temperature gradients as affected by fat content, and curd and 
temperature treatments. 
~ Determined modeling parameters including specific heat and thermal 
conductivity in cheese. 
~ Helped confirm that short-time, high pressure processing will correct the 
problem of moisture movement in cheese. 
Curd Microstructure Changes by Short-Time, High-Pressure (STHP) 
Processing 
~ Short-time high-pressure (STHP) treatments changed curd microstructure 
to the continuous protein matrix predicted as needed for moisture control. 
Contrary to most UHP applications this was achieved even for the shortest 
process time tested so far (33s). Further reductions in STHP processing 
time seem possible . 
~ The experimental unit used allowed curd processing with high pressure 
pulses. Pressure pulses were more effective than equivalent constant 
pressure processes, i.e., treated curd had fewer interconnected channels. 
~ The short time required to change the curd microstructure will facilitate the 
development of a continuous process. Continuous and semi-continuous 
processes are desirable to reduce processing costs. 
~ Reducing holding time at high pressures lowers the perceived risks of high 
pressure. At any given time, only a small volume of cheese curd is in the 
high pressure range. The holding volume varies with processing rate (lb/s of 
curd being treated) and the time required to change the microstructure. 
~ Cheese micrographs obtained by scanning and transmission electron 
microscopy (SEM and TEM) showed that modifying STHP conditions 
created different microstructures. Therefore, STHP could not only reduce 
moisture variability but also produce cheese with improved/new textures. 
~ The extent of the microbial population inactivated by UHP varied with the 
pressure application mode (process time, constant and pulsing pressure). 
Therefore, STHP could not only reduce moisture variability but also alter 
microbial and enzymatic activities. 
• 
• 
,. 
SIGNIFICANCE TO THE DAIRY INDUSTRY 
.. Controlling moisture migration by STHP would mean a substantial saving 
in production costs. Moisture control is the number 1 problem affecting 
the production of reduced and low fat cheese. 
.. UHP inactivates lactic acid bacteria to an extent determined by the UHP 
treatment. Preliminary observations indicate that the STHP treatment may 
accelerate flavor development. High pressure treatments have been 
reported to cause membrane damage and produce "leaky" cells. It is likely 
that these "leaky" cells accelerate the development of flavors. Lack of flavor 
or poor quality flavor is the number 1 complaint expressed by consumers of 
reduced and low fat cheeses. 
.. STHP closes channels AND creates different microstructures depending 
upon treatment conditions. This may allow the production of cheese with 
improved textures. "Variable and poor texture" is the number 2 complaint 
expressed by consumers of reduced and low fat cheeses. 
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It is known that low fat mozzarella cheese must be aged for a longer period than part 
skim mozzarella. This is to allow sufficent breakdown of the cheese body to improve its 
melting properties. It is also known that during the initial few weeks of storage, the casein 
are hydrolyzed. The objective of this project was to use a proteinase positive adjunct 
culture to increase proteolysis with the aim of reducing the aging time for low fat 
mozz~lla cheese. 
Results: 
As fat is removed from Mozzarella cheese, the protein content increases compromising 
the desired physical characteristics of meltability and stretch, because of the increased 
toughness of the cheese. Low fat (6% fat) Mozzarella cheese was manufactured with the 
addition of a proteinase positive (Prt+), lactose deficient (Lacd) Lactococcus lactis adjunct 
culture, and the physical properties of the cheese were evaluated. Milk was pasteurized at 
80°C for 29 sand standardized to 0.6% fat It was then acidified to pH 6.0 with dilute 
acetic acid and inoculated with single strains of Lactobacillus helveticus and Streptococcus 
thermophilus and increasing concentrations of the Prt+, Lacd adjunct culture at 0.25%, 
0.5% and 1%. To aid in moisture retention, a lower cook temperature was used (38°C) and 
the curd was kept in the whey until it reached a pH of 5.2. Moisture, fat, protein and ash 
content of the cheese were measured at 1 d. Stretch and melt were evaluated at 1, 7, 14 and 
28 d during storage at 4°C. Proteolysis in the cheese during the storage period was 
measured using SDS-PAGE. Cheeses made with the Prt+ Lacd adjunct culture had shorter 
make times and were slightly higher in moisture than the control. During the first 14 days 
of storage these cheeses melted more readily than the control, however, by 28 d all cheeses 
melted to the same extent. The cheeses made with the adjunct culture became softer more 
rapidly than the control, which was particulary apparent when the cheeses were shredded . 
• 
• 
• 
There was a decrease in stretch over time for all of the cheeses with the largest decrease 
between 14 and 28 d, which was especially evident in the adjunct treated cheeses. 
Impact of Research: 
Meltability is still a major challenge facing companies that wish to participate in the low fat 
cheese market This research demonstrates one strategy that can be used to improve 
meltability. By using Prt+ culture adjuncts the maturation rate oflow fat mozzarella can be 
increased so that the cheese does not have to be stored for an extended period before it can 
be sold. Another impact of the research is that it demonstrates how little we know about 
the process of aging in mozzarella cheese as it relates to meltability. Further work is 
needed in this area to better show what are the proteolytic breakdown patterns and which 
proteins control viscosity and flow ability of the melted cheese. 
Publications: 
None 
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Objectives: 
When low fat cheeses are made, it is necessary to increase cheese moisture content 
significantly or else the cheese is too hard and rubbery. One way to do this is to increase 
the water holding capacity of the cheeses components and the specific objective of this 
project was to do so by using starter cultures that produce exopolysaccharides. 
Results: 
We manufactured low fat (6% fat) Mozzarella cheeses using an exopolysaccharide 
(EPS) producing paired starter culture, consisting of Streptococcus thermophilus and 
Lactobacillus delbrueckii ssp. bulgaricus, and an EPS producing adjunct culture, consisting 
of Lactococcus lactis ssp. cremoris and Lactococcus lactis ssp. lactis, and to determine the 
effect on moisture retention in the cheese. Ten-liter vats of low fat Mozzarella cheese were 
made with the EPS producing starter culture, with and without the addition of the EPS 
producing adjunct. Cheese was also manufactured with the use of a non-EPS producing 
starter culture, consisting of Streptococcus thermophilus and Lactobacillus helveticus, with 
and without the addition of the EPS producing adjunct. All cheeses were stored at 4 oc for 
28 days. Moisture content of the cheese was determined one day after the cheese was 
manufactured. Melt and stretch values were determined on days 1, 7, 14, and 28. Low fat 
Mozzarella cheese made with the EPS producing starter culture and adjunct retained the 
most moisture, and had a shorter make time. Cheese made with the EPS producing starter 
culture and no adjunct also showed an increase in moisture. Cheese made with the non-
EPS producing starter culture and the EPS producing adjunct showed a increase in 
moisture although it was not as great. All cheeses showed a increase in melt over time. 
Cheese made with the EPS producing starter culture and adjunct culture showed the most 
melt at all days demonstrating a correlation between increased moisture and increased melt. 
All cheeses showed a decrease in stretch over the 28 days of storage, with the biggest 
decrease occurring between days 14 and 28. 
Impact of Research: 
This research clearly demonstates how choice of starter culture affects the moisture content 
of the cheese. Previously, this was not a function attributed to cheese starter cultures. 
However, manufacturers of low fat cheeses can use this technology to increase the cheese 
moisture content and thus produce a less rubbery cheese. It also has implications for 
increasing cheese yield. 
Publications: 
None 
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Two significant obstacles facing the Mozzarella industry are the production of a high quality 
lowfat cheese and the proliferation of S. thermophilus bacteriophage. Manufacture of high quality 
lowfat Mozzarella presents a real challenge because fat removal adversely affects important 
physical properties of Mozzarella (e.g. cook color, melt, stretch). In general, the lower the fat 
content, the more difficult it becomes to produce a cheese similar in function to traditional cheese. 
Starter cultures which perform well in the production of full fat cheese often are not suited to 
-
lowfat cheese. As a result, there is a pressing need to develop specialized culture systems which 
satisfy the cheese making constraints of lowfat Mozzarella and provide satisfactory functionality. 
• Pediococci may possess metabolic characteristics, such as galactose utilization, or differences in 
proteolytic activity and growth temperature, which might make them better suited to the 
manufacture of lowfat Mozzarella than S. thermophilus. 
r• 
In recent years, bacteriophage infection of Mozzarella starter cultures has increased 
dramatically and S. thermophilus phage now present a serious economic threat to U.S. Mozzarella 
producers. The ability to substitute lactose-positive (Lac+) thermoduric pediococci for S. 
thermophilus in Mozzarella starter blends would facilitate the development of novel strain rotation 
strategies that would provide more effective protection against bacteriophage attack in the plant. 
Objectives: 
1. To isolate/develop Lac+ thermoduric pediococci. 
2. To determine whether synergism occurs between Lac+ pediococci and Lactobacillus helveticus 
or L. delbruekii subsp. bulgaricus in milk. 
3. To compare functional properties during cooking of lowfat and traditional Mozzarella 
manufactured with Lac+ pediococci paired with L. helveticus or L. delbruekii subsp. bulgaricus 
to properties of equivalent cheeses made with Streptococcus thermophilus and Lactobacillus 
spp. starters. 
4. To determine whether Lac+ pediococci are sensitive to S. thermophilus bacteriophages. 
1 
• 
Results: 
Preliminary work screened 26 commercially available pediococci for fast acid-producing 
ability in milk, but industrially useful strains were not identified. To overcome this limitation, an 
electro-transformation procedure was optimized for Pediococcus spp., then used to introduce a 35 
kilobase l.actococcus lactis lactose plasmid into P. pentosaceus and P. acidilactici. Lactose-
positive transformants of both species were obtained and examined for the presence of pPN-1, 
their ability to grow in MRS-lactose broth, and stability of the lactococcal plasmid. After plasmid 
uptake and expression were confirmed, transformants were assayed for bacteriocin production, the 
ability to coagulate and acidify 9% nonfat milk, and for their susceptibility to various 
bacteriophages. The genetically engineered Pediococcus spp. were then used in conjunction with a 
commercial strain of Lactobacillus helveticus to manufacture part skim Mozzarella cheese. Results 
indicated lactose-positive Pediococcus spp. could be used to replaceS. therinophilus cultures in 
I tal ian starter blends 
Signifieanee to the Dairy Industry 
Results to date suggest Lac+ pediococci may be very useful alternative starter cocci in 
Mozzarella cheese. The ability to substitute thermoduric pediococci for S. thermophilus in 
Mozzarella starter blends would facilitate development of novel strain rotation strategies to guard 
against streptococcal phage attack, and these bacteria possess metabolic characteristics, such as the 
• ability to metabolize galactose, which could make them well suited for manufacture of lowfat 
Mozzarella cheese. 
• 
Publieations 
none in 1994-95 
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Unfortunately, flavor defects are intensified in lower fat cheese and hence selection 
of starter cultures is very important to produce a quality product, indicating lower fat 
cheese requires specific organisms which lack the ability to produce off-flavors. Our lack of 
understanding regarding the influence of starter and flavor adjunct cultures in flavor 
development is highlighted by the short list of important characteristics - which is 
dominated by fast acid production, bacteriophage resistance, and lack of off-flavor 
production. While low fat cheese production also requires bacteriophage resistance, a 
different set of selection criteria and modification to cheese making procedures are 
required to produce an acceptable lower fat Cheddar cheese. 
Biochemical reactions in cheese ripening which lead to cheese flavor and texture 
Ai.evelopment primarily include glycolysis, proteolysis, and lipolysis. Undefined secondary 
~eactions, such as protein dephosphorylation and amino acid (AA) metabolism, are 
important as well. Metabolism of aromatic amino acids represents an area that has been 
directly connected to off-flavor development lower fat cheeses, but is still not fully 
explained in terms of cheese flavor. 
Peptide and amino acid generation is well recognized, but further conversion of 
these materials is highly likely to yield flavorful compounds. Once peptides or AA's are 
dephosphorylated and transported into the cell, the general AA catabolic reactions are 
divided into decarboxylation, transamination, oxidative deamination, and degradation. 
These reactions produce amines, ammonia, aldehydes, alcohols, organic acids, a-keto acids, 
aromatic compounds (including phenols, indole, and others) pyraizines, and 
methanethiol. Investigation of pathways that lead to off-flavors are slightly more 
manageable than good flavors because the offending compounds have been isolated, are 
fewer in number than beneficial compounds, and can easily be quantitated. p-Cresol, 
phenol, indole, skatole, and phenethanol have all been linked to aromatic AA catabolism, 
but the exact mechanism is controversial. 
Objectives: 
• 
1. Determine the biochemical pathway by which Trp is utilized in during cheese 
ripening. 
2. Assess the role of adjunct bacteria in off-flavor production due to Trp 
metabolism. 
3. Develop a rapid biochemical screening assay to predict suitable cultures for use in 
lower fat cheese production . 
• esults: 
B. linens and lactobacilli have been observed to survive for extended periods in a 
chemically defined medium with degradation of aromatic AA's, production of indole, 
production of at least two unidentified compounds, and other aromatic compounds. 
Evolution of these compounds were delayed by the addition of glucose, and in B. linens, 
Tyr and Phe were utilized before Trp, suggesting complex regulatory mechanisms play a 
role in AA catabolic processes. These data indicate aromatic AA degradation leads to 
undesirable flavors in that are not observed in healthy cells. Selection of cultures deficient 
in these pathways will be beneficial to the cheese industry, however methods need to be 
developed that can rapidly identify cultures that have the capability to produce flavor 
compounds without production of off-flavors. We are more fully investigating Trp 
catabolism in cheese and laboratory conditions using analytical biochemistry with cheese 
and cheese slurries. 
Significance to the Dairy Industry: 
Off-flavor development is a key defect in lower fat cheeses. Investigations regarding 
reduction of these defects will lead to a more acceptable lower fat cheese. Additionally, 
selection criteria for cultures used in lower fat cheese production will lead to products that 
a consistently more flavorful, which will prompt consumers to purchase lower fat dairy 
products routinely . 
• ublications: 
None to date 
Abstracts: 
None to date 
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Introduction: 
Arginine (Arg) is utilized to increase the pH, via ammonia production, after 
residual carbohydrate is used which is known to play a role in cheese flavor, texture, and 
body (Figure 1). This utilization also produces other amino acids that have been linked to 
flavor in cheese as well. Amino acids have long been thought to play a role in cheese 
flavor, but the exact mechanisms have eluded discovery. Arg catabolism is interesting to 
cheese flavor because it produces ATP, ornithine, C02, NH4 - all of which have a role in 
cheese flavor. 
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Figure 1. Metabolic fate of arginine in lactic acid bacteria by arginine deiminase or the arginine 
decarboxylase pathway. Compounds known to contribute to Cheddar cheese flavor are bolded. Enzymes are: 
(1) Arg/Om antiport, (2) Arg deiminase, (3) Om transcarbamylase, (4) carbamate kinase, (5) CE-Om NADP 
oxidoreductase, (6) via n-acetyl-Glu, (7) Arg decarboxylase, (8) agmatine deiminase, (9) N-carbamoylputracine 
hydrolase, (10) Om decarboxylase, (11) Agm/putracine antiport. Steps 1-4 define the ADI pathway, while 
steps 7-9 and 11 constitute the Arg decarboxylase pathway. Data adapted from Cunin et al, 1986; Poolman, 
1993; Thompson and Miller, 1991. 
In ripening curd, L. lactis ssp. lactis should have a survival advantage over L. lactis 
•
sp. cremoris since it can convert Arg to ammonia via the Arg deiminase (ADI) pathway 
and a variety of other known flavor compounds) and generate ATP without induction, 
allowing it to survive at higher numbers in the cheese matrix- this is indeed observed in 
cheese. Furthermore, Arg utilization is an unstable characteristic that can be changed in 
the presence of bacteriophage to produce lactis-like L. lactis ssp. cremoris or cremoris-like 
~· lactis ssp. lactis strains which lead to unpredictable flavor changes. 
W The ADI pathway is well characterized, but the heterogeneity observed due to 
bacteriophage resistance has not been elucidated. Further characterization of this energy-
yielding pathway that produces flavor compounds in cheese would be beneficial in efforts 
to design specific flavor systems and to control the overall flavor development of cheese. 
Objectives: 
1. Determine the extent which lactic acid bacteria shift Arg utilization. 
2. Examine specific enzymes in the pathway that are induced due to environmental 
conditions. 
3. Determine control points that lead to more flavor production due to Arg 
utilization. 
4. Determine the role of bacteriophage resistance acquisition on Arg utilization 
Results: 
We have confirmed induction of intracellular Orn transcarbamylase activity after 
lactose depletion in L. lactis ssp. cremoris, which requires 3 to 5 din Elliker broth. Further, 
we have confirmed the ADI pathway in L. lactis ssp. lactis is inhibited, suggesting the 
entire pathway is controlled by sugar status in the media. We have spent the time to 
.onfirm these data because the ADI pathway has new meaning when one realizes that 
shortly after pressing in 60% reduced fat Cheddar cheese lactose is depleted to <.05%. 
To determine the industrial use of this approach we investigated how wide spread 
this type of carbohydrate starvation response is in lactococci, so we developed an 
automated assay to screen cultures for ammonia production from Arg using differential 
broth or spent medium and reflectance colorimetry. Verification of the method was done 
in spent medium or milk containing added Arg and L. lactis ssp. lactis or L. lactis ssp. 
cremoris. This work demonstrated induction of the ADI pathway is wide spread in 
industrial and common laboratory strains of L. lactis ssp. cremoris. Further, ADI induction 
follows the expected pH changes associated with lactose depletion with ammonia produced 
in Lac+ L. lactis ssp. cremoris strains (C2 and others). Lac- negative L. lactis ssp. cremoris 
LM0230 and MG1363 strains produced ammonia after 7 h of incubation in milk, suggesting 
they survived by utilizing Arg for ATP even though they lack the genes for lactose 
utilization. Control cultures of L. lactis ssp. cremoris Sl and S2 were used with no increase 
in pH or reflectance color observed in healthy cells (lactose concentration > 1 %), but the pH 
increased after the lactose concentration reached a critical level. 
Significance to the Dairy Industry: 
Current and future demands for flavorful lower fat cheese products require more 
detailed studies begin to understand cheese flavor. Since cheese ripening a a biochemical 
process, detailed unterstanding of enzymic reactions is needed to begin to crack the shroud 
~urrounding cheese flavor. Once the flavor picture begins to open opportunities exist to 
.ontrol cheese flavor which will lead to products that are consistantly more flavorful. This 
consistance will expand the lower fat cheese market and should be carried over to the full 
fat cheese market so consumers can continue to expect high quality dairy products . 
• ublications: 
None to date 
Abstracts: 
None to date 
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Analysis of microbial enzymes in cheese maturation indicate microbial hydrolysis of 
milk proteins strongly influence cheese flavor development in the water-soluble fraction 
containing compounds with molecular weights below 1000. Additionally, free amino acids 
(AA's) are thought to be precursors for background cheese flavor compounds, but the 
mechanisms and exact compounds are largely are undefined. The literature is full of lists 
of compounds isolated from cheese, however few have been traced to their origin via a 
mechanistic route which has lead to Fox (P. F. Fox, personal communication, 1994) to point 
out the disappointing progress in this area since 1950. Secondary reactions, which use 
.AA' s as substrates, involve uncharacterized biochemical pathways allowing the starter 
culture to contribute to cheese flavor in unique ways that are not evident when they are 
grown in ideal laboratory conditions. 
AA degradation plays a major role in cheese flavor theories, but the mechanisms by 
which AA's are transformed to cheese flavor are left undefined. A factor known to control 
flavor changes is pH, with AA catabolism being controlled extensively by this parameter. 
As such, AA concentration has been used to follow or predict cheese flavor with limited 
success. A complicating factor in this approach is AA's are interconverted to other AA's 
with common intermediates being pyruvate and a-keto acids. One mechanism to achieve 
this interconversion is transamination with a-keto butyrate or a-keto glutarate and 
various other intermediates to form new AA's. Asp, Val, Met, y-amino butyrate, Phe, Leu, 
and Ile are reaminated during cheese ripening via transamination reactions causing a 
flavor change. This leaves metabolic products from AA catabolism largely undefined by 
comparison to casein degradation- yet these biochemical reactions lead to significant 
flavor compounds in cheese. 
Ala catabolism in slurries found the catabolic enzymes are present in starter cultures 
to produce pyruvate and many other compounds (a-keto acids, aldehydes, dicarbonyl, and 
carbon dioxide). They also concluded metabolic pathways shifted to energy yielding 
mechanisms during ripening, with a-ketoglutarate accumulating in later stages of 
ripening. These data suggest either transamination reactions slowed, or the substrates 
•
involved in these reactions were not present, or AA catabolic intermediates were shifted to 
energy production. All-in-all the current knowledge of AA transformations is limited and 
the interconnection between AA and carbohydrate utilization in cheese is all most non-
existent . 
• bjectives: 
1. Determine the role of general amino acid degradation in cheese flavor 
2. Interrelate sugar metabolism and amino acid metabolism for cheese flavor 
development 
3. Develop methods that predict culture usefulness in lower fat cheese production 
Results: 
Production of 60% reduced fat Cheddar cheese revealed the residual lactose 
concentration just after pressing is <.05%. This lead to the need for a representative 
laboratory growth media which contained the same composition as cheese curd. An 
additional requirement of sterility is needed so cultures can be inoculated into the 
environment and then monitor biochemical changes. This need lead to the initial 
investigations into a cheese extract medium that is both representative of cheese and 
sterilizable. Initial observations suggest lactic acid bacteria and brevibacteria can grow in 
this medium. Further investigations to monitor biochemical changes are underway. 
Additionally, the need for a non-destructive method of amino acid analysis and 
amino acid intermediates is needed to better determine the utilization of amino acids 
during growth of bacterial. This will aid in differentiation of amino acid and peptide 
transport. Initial observations indicate we are on track to resolving all amino acids in a 
•
ingle analysis using capillary electrophoresis (CE). Also, a method for resolution of 
common amino acid intermediates using CE has been developed and is being refined for 
use with cell free extracts and cheese. 
Preliminary experiments examining survival and non-specific biochemical changes 
in laboratory media indicate lactic acid bacteria and brevibacteria survive for extended 
periods of time which lead to amino acid utilization in the absence of carbohydrate. The 
changes are species and strain specific, but generally lead to aromatic amino acid and 
peptide utilization. Experiments linking specific amino acid catabolic pathway 
intermediates to flavor compounds is underway. 
Significance to the Dairy Industry: 
Links from flavor to individual amino acids via specific biochemical pathways has 
been lacking which has hindered our understanding of cheese flavor. Once exact pathways 
are more firmly established it is possible to design specific bacteria for use in lower fat dairy 
product production. This will lead to production of consistently more flavorful cheeses 
via controlled pathways that can be manipulated in the laboratory. Ultimately 
understanding biochemical pathways will lead to expanded lower fat dairy markets because 
consumers will have confidence of the quality and full flavor of these products. 
Publications: 
None to date 
.bstracts: 
None to date 
• 
• 
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Introduction: 
Methionine metabolism by starter and adjunct bacteria in low-fat 
Cheddar cheese 
Bart Weimer, Utah State University 
Jeff Broadbent, Utah State University 
Mark Johnson, University of Wisconsin - Madison 
Jim Steele, University of Wisconsin- Madison 
Marie Strickland, Utah State University 
Ben Dias, Utah State University 
Western Center for Protein Research and Technology 
Utah Agricultural Experiment Station 
Specific compounds have been implicated in cheese flavor, and are thought to be 
derived from AA's, but exact flavor compounds generated from specific AA catabolism is 
lean at best. Past AA catabolism studies are limited and have focused on Arg and Met 
transformation because they have a definable role in either bacterial metabolism or 
desirable flavor generation. Met degradation has been a focus area of relating AA 
catabolism to cheese flavor and is considered a desirable microbial end product associated 
with cheddary-type sulfur notes from the production of methanethiol which increases 
during aging of good quality Cheddar cheese. A key link to Met degradation is the 
ubiquitous, essential co-factor pyridoxal phosphate which can be generated by de novo 
synthesis in some organisms and is used extensively in many AA degradation reactions. 
This co-factor has been found to be involved in degradation of Ser, Thr, Met; improves 
.avor in slurry systems; and participates in decarboxylation and transamination reactions. 
In addition to pyridoxal phosphate, addition of other common co-factors, such as 
glutathione, cobalt, manganese, and riboflavin improve cheese flavor. The role of starter 
and adjunct in methanethiol production in cheese will be investigated. 
Objectives: 
1. Determine the relative contribution of starter and adjunct bacteria to 
methanethiol production in cheese. 
2. Determine the biochemical pathway for methanethiol production in cheese. 
3. Examine the activity of the pathway in cheese conditions. 
4. Isolate the enzyme(s) responsible for Met utilization 
Results: 
L-Met-y-demethiolase produces methanethiol in a one-step reaction requiring 
pyridoxal phosphate, which is a ubiquitous, essential co-factor used in many reactions 
involving amino acids. The methanethiol producing capacity (MTPC) of lactococci, 
lactobacilli and brevibacteria was determined at the pH and salt concentration found in 
Cheddar cheese with and without pyridoxal phosphate. B. linens was found to produce 
•
about 25 fold more methanethiol than lactococci or lactobacilli in optimum conditions. 
Salt and pH decreased MTPC as the conditions approached those found in cheese. Of 
bacteria commonly isolated from cheese during ripening only B. linens was found to 
contribute significantly to methanethiol production. Growth of B. linens in media 
containing added Met, as free Met or in peptides, induced the production of methanethiol 
•
or about two generations. 
To determine the contribution of lysed cells to methanethiol production, we found, 
as others, that MTPC was greatly reduced in cell free extracts and total loss of activity 
occurred in a short time, suggesting methanethiol is not produced in cheese curd due to 
lysed cells. Addition of pyridoxal phosphate to the assay the mixture increased MTPC 2 
fold, while addition of propylglycine to the assay mixture inhibited methanethiol 
production, suggesting an intracellular pyridoxal phosphate-requiring enzyme, such as 
Met y-demethiolase, is responsible for methanethiol production. 
Significance to the Dairy Industry: 
Production of more flavorful lower fat dairy products is a significant issue for the 
dairy industry. Selection of bacteria for use in production of lower fat products will 
provide the impetus for consumers to again purchase dairy products without the worry of 
fat content. Production of consistently flavorful products will provide the consumer an 
additional choice and larger markets for dairy products. 
Publications: 
None to date 
Abstracts: 
Weimer, B. and Dias, B. Methanethiol production of bacteria used in cheese making . 
• nternational Flavor Symposium, France, Feb. 1996. (submitted) . 
• 
• 
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• 
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Personnel: 
Funding: 
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Bart C. Weimer, Dept. Nutrition and Food Sciences, Utah State University. 
Marie Strickland, Dept. Nutrition and Food Sciences, Utah State University. 
Mark E. Johnson, Center for Dairy Research, Univ. Wisconsin-Madison. 
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Utah Agricultural Experiment Station 
Current trends in the American diet clearly indicate that lowfat dairy products will be one of 
the most important research areas of the 1990's. Unfortunately, traditional cheese flavor is 
presently not available in reduced-fat ripened cheese, and the inferior flavor and texture of these 
varieties limits their acceptability among consumers. In general, the lower the fat content, the more 
difficult it is to produce a cheese similar in quality to full-fat cheese. Starter cultures and media 
which perform well in the production of full-fat cheese often are not suited to low-fat varieties 
because culture-related flavor defects are frequently enhanced in low-fat cheese. These varieties, 
for example, are generally more susceptible to off-flavors such as bitterness. Bitterness is 
associated with the accumulation of short (2-27 amino acids) hydrophobic peptides whose 
evolution may be related to the level and specificity of bacterial proteolysis in the cheese. At 
present, there is a pressing need to develop specialized culture systems that overcome low-fat 
cheesemaking constraints. Development of new starter systems for low-fat products would be 
facilitated by more sophisticated knowledge of the role microbial enzymes and metabolites play in 
cheese flavor development. This project seeks to identify peptides which contribute to bitter flavor 
defect in lowfat Cheddar and to characterize the enzymes and conditions which lead to their 
accumulation. Elucidation of key biochemical pathways involved in undesirable cheese flavor 
production would have immediate application in the development of starter systems for 
manufacture of high-quality lowfat Cheddar cheese. 
Objective: 
1. To identify various peptides which influence flavor attributes in lowfat Cheddar cheese and to 
characterize conditions which lead to their production. 
Results: 
Electropherograms obtained from micellar electrokinetic capillary chromatography (MECC) 
analysis of lowfat cheese revealed that bitter cheeses had more complex peak patterns in a peptide-
rich region which eluted near the micelle marker than did non-bitter cheeses. Since separation in 
the presence of the micelle is largely due to differences in compound hydrophobicity, and 
molecules which associate closely with the micelle are the most hydrophobic, the peptides in this 
• region may be important determinants for bitterness. To characterize these peptides, HPLC 
1 
le 
• 
• 
separations were used to collect peptide fractions from our lowfat cheeses and then MECC and 
other CE methods were used to evaluate the purity of individual fractions and to associate them 
with MECC patterns of cheese extracts. Thus far, six peptides have been purified and amino acid 
sequencing has revealed they include fmgments which originated from a8 ~' aw and fl casein. 
Current knowledge of lactococcal proteinase specificity suggests that our bitter cheeses contain 
casein fmgments genemlly linked to the lactococcal Pctype enzyme, but sensory data showed that 
bitter flavors were also tied with high starter numbers. In other work, growth studies using 
synthetic oligopeptides have been performed to study the fate of one peptide known to accumulate 
in very bitter cheese. Those data showed lactococci could transport and utilize the 9-mer fmgment, 
which suggested Pctype proteinase activity responsible for its synthesis must greatly exceed the 
rate at which the peptide is taken up by bacterial cells. Future studies will include additional 
peptide characterization and sensory evaluations to determine the contribution of these peptides to 
bitterness in lowfat Cheddar cheese. 
Significance to the Dairy Industry 
Future acceptance and demand for low-fat cheese will be heavily dependent on the availability 
of high-quality products. Solutions to the flavor and textuml problems that have dogged low-fat 
cheese manufacture will require a more comprehensive understanding of the role other microbial 
enzymes and metabolites play in cheese flavor development. This project seeks to identify peptides 
which contribute to bitter flavor defect in lowfat Cheddar and to chamcterize the enzymes and 
conditions which lead to their accumulation. Identification and characterization of these properties 
will facilitate the development of low-fat starter systems, through strain combinations or 
recombinant DNA technology, for the manufacture of high-quality low-fat cheese. Low-fat cheese 
with organoleptic qualities of full-fat varieties will increase consumer acceptance of low-fat dairy 
products and expand consumer demand for these goods to individuals that avoid cheese for 
reasons of diet and the absence of high quality low-fat alternatives. 
Publications 
none in 1994-5 
Abstracts 
Weimer, B., C. Brennand, J. Broadbent, J. Jaegi, M. Johnson, F. Milani, J. Steele, and M. 
Strickland. 1995. Chemical and sensory attributes of 50% reduced-fat Cheddar made with 
various adjunct bacteria. Proc. Int. Dairy Lactic Acid Bacteria Conf., Palmerston North, 
New Zealand 
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• 
• 
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Current trends in the American diet clearly indicate that lowfat dairy products will be one of 
the most important research areas of the 1990's. Unfortunately, traditional cheese flavor is 
presently not available in reduced-fat ripened cheese, and the inferior flavor and texture of these 
varieties limits their acceptability among consumers. One strategy to improve flavor development 
in lowfat cheeses involves Lactobacillus adjunct cultures. Adjunct use originated with 
investigators who sought to characterize or accelerate flavor development in traditional Cheddar 
cheese, and many culture companies now offer Lactobacillus flavor adjuncts for manufacture of 
low fat cheese. Unfortunately, use of some adjunct bacteria may lead to new flavor problems not 
frequently found in traditional Cheddar cheese. The incidence of unclean flavors in lowfat cheese, 
for example, is raised with certain Lactobacillus adjuncts. The greater potential for flavor defects 
in lowfat cheese emphasizes the importance of careful strain characterization when choosing 
starter-adjunct combinations for these products. One compound associated with unclean flavor 
notes is indole, and investigators have suggested this compound is formed via tryptophan 
metabolism in lactobacilli. This research project seeks to characterize mechanisms for indole 
production in lactobacilli and to develop methodology which can rapidly identify strains capable of 
indole synthesis. Elucidation of key biochemical pathways involved in undesirable cheese flavor 
production would have immediate application in the development of starter systems for 
manufacture of high-quality lowfat Cheddar cheese. 
Objective: 
1. To characterize the enzymology of indole production by lactobacilli in lowfat Cheddar 
cheese. 
Results: 
Capillary electrophoresis (CE) studies of lowfat cheese identified a peak which co-migrated 
with indole in cheese manufacture with certain Lactobacillus spp. and one Lactococcus lactis 
starter. CE electropherograms and colorimetric tests on supernatant from these bacteria grown in 
pure culture supported CE data from cheese. Many bacteria are capable of synthesizing indole 
from Trp in a reaction catalyzed by the enzyme tryptophanase (Tna), which hydrolyses Trp to 
indole, ammonia and pyruvate. Because Tna activity has been reported in both Gram-negative and 
• Gram-positive bacteria, our laboratory seeks to determine whether indole-producing lactic acid 
1 
• 
bacteria express Tna. To accomplish this, we have developed a gene based detection system which 
uses the polymerase chain reaction (PCR). A degenerate oligonucleotide primer pair approximately 
800 base pairs apart was designed from amino acid consensus regions in published Tna sequences 
from four bacterial species. DNA amplification conditions were optimized with Escherichia coli 
and DNA sequence analysis was used to confirm that the 800 base pair amplicon detected in those 
experiments was derived from the Tna gene. Subsequent work with Klebsiella oxytoca, Bacillus 
alvei, Kluyvera cryocrescens, and Proteus vulgaris, demonstrated that the degenerate primers 
produced similar PCR products in each of these species. The 0.8 kb amplicon obtained from 
Klebsiella oxytoca was sequenced and the deduced amino acid sequence showed good homology 
to known Tna enzymes. Those results suggested DNA amplification with our primers can be used 
to rapidly method to detect the Tna gene in a variety of bacteria. With this information, we recently 
began to test indole-producing lactic acid bacteria for Tna. PCR experiments with Lactobacillus 
paracasei L71, an indole-producing strain isolated from unclean-flavored lowfat Cheddar cheese, 
produced 1.0-, 0.8- and 0.7 kb fragments. Work is in progress to sequence these fragments and 
to screen other strains for Tna by our PCR method. 
Significance to the Dairy Industry 
Future demand for lowfat cheese will depend on the availability of flavorful products. 
Solutions to the flavor problems that have dogged lowfat cheese manufacture require a more 
• comprehensive understanding of the role microbial enzymes and metabolites play in cheese flavor 
development. This project seeks to identify and characterize enzymes involved in the production of 
indole in lowfat Cheddar cheese. Characterization of this pathway, coupled with new 
methodology to predict indole production by bacteria will facilitate development of lowfat starter 
systems for the manufacture of high-quality lowfat cheese. Lowfat cheese with organoleptic 
qualities of full-fat varieties will increase consumer acceptance of lowfat dairy products and expand 
consumer demand for these goods to individuals that avoid cheese for reasons of diet and the 
absence of high quality lowfat alternatives. 
• 
Publications 
none in 1994-5 
Abstracts 
Gummalla, S., and J. R. Broadbent. Detection of the tryptophanase gene by DNA 
amplification with degenerate primers. Proc. Ann. Regional Mtg. for the Amer. Soc. 
Microbiol. April 22, Idaho State Univ., Pocatello . 
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Current trends in the American diet clearly indicate that lowfat dairy products will be one of 
the most important research areas of the 1990's. Unfortunately, traditional cheese flavor is 
presently not available in reduced-fat ripened cheeses, and the inferior flavor and texture of these 
varieties limits their acceptability among consumers. One strategy to improve flavor development 
in lowfat cheeses involves Lactobacillus adjunct cultures. Adjunct use originated with 
investigators who sought to characterize or accelerate flavor development in traditional Cheddar 
cheese, and many culture companies now offer Lactobacillus flavor adjuncts for manufacture of 
low fat cheese. Unfortunately, some adjunct bacteria may impart new flavor problems not 
frequently found in traditional Cheddar cheese. The incidence of unclean flavors in lowfat cheese, 
for example, may be raised by use of certain Lactobacillus adjuncts. The greater potential for 
flavor defects in low fat cheese emphasizes the importance of careful strain characterization when 
choosing starter-adjunct combinations for these products. One of the compounds associated with 
unclean flavor notes is p-cresol, which is formed via tyrosine catabolism. Since unclean flavors 
have been linked to lactobacilli, this research seeks to characterize mechanisms for p-cresol 
production in those bacteria and to develop methodology which could rapidly identify strains 
capable of p-cresol synthesis. Elucidation of key biochemical pathways involved in undesirable 
cheese flavor production would have immediate application in the development of starter systems 
for manufacture of high-quality lowfat Cheddar cheese. 
Objectives: 
1. To characterize the enzymology of tyrosine degradation and p-cresol production by 
lactobacilli in low-fat Cheddar cheese. 
Results: 
Capillary electrophoresis (CE) studies of lowfat Cheddar cheese suggested that in some 
cheeses, levels of free Tyr disappeared with the concomitant appearance of a new peak which co-
migrated with pure p-cresol. Sensory analysis showed these cheeses also contained unclean flavor 
notes. Correlation analysis between sensory qualities and combinations of cheese chemistry data 
(CE compounds, enzyme assays, volatile compounds identified by GC) showed the best predictive 
model for flavor (r = 0.78) included levels of Tyr, p-cresol, Phe, a dicarbonyl, and a peptide 
1 
• 
• 
• 
fraction identified by CE. Significantly, p-cresol was the only compound found to have a negative 
correlation (r) to flavor. These data indicate that Try and p-cresol are important determinants on the 
flavor of lowfat Cheddar cheese. To address the mechanism(s) for p-cresol synthesis in 
lactobacilli, known microbial pathways for tyrosine degradation were compiled and used to predict 
potential avenues for p-cresol production. A capillary electrophoresis method for the detection of 
the intermediate compounds was then developed and is now being used to study tyrosine 
catabolism and p-cresol production by lactobacilli in pure culture. 
Significance to the Dairy Industry 
Future acceptance and demand for low-fat cheese will be heavily dependent on the availability 
of high-quality products. Solutions to the flavor and textural problems that have dogged low-fat 
cheese manufacture will require a more comprehensive understanding of the role other microbial 
enzymes and metabolites play in cheese flavor development. This project seeks to identify and 
characterize mechanisms for p-cresol production in lowfat Cheddar cheese. Identification and 
characterization of this pathway will facilitate identification of low-fat starter and adjunct bacteria 
for the manufacture of high-quality low-fat cheese. Low-fat cheese with organoleptic qualities of 
full-fat varieties will increase consumer acceptance of low-fat dairy products and expand consumer 
demand for these goods to individuals that avoid cheese for reasons of diet and the absence of high 
quality low-fat alternatives . 
Publications 
none in 1994-5 
Abstracts 
none in 1994-5 
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Annual Meeting 
August 23, 1996 
Utah State University 
WESTERN CENTER 
for Dairy Protein 
Research and Technology 
8:00 Welcome - Donald McMahon 
PROJECT REPORTS 
8:15 Donald McMahon: Protein and mineral distribution in the Bovine 
casein micelle 
8:30 Lynn Ogden: Casein modifications in skim milk with 
improved color /body for spray drying and use in 
frozen/ fermented dairy products. 
REVIEW OF LOW-FAT CHEESE PROJECT 
8:45 Donald McMahon: Rheology and microstructure of Mozzarella 
Cheese 
9:00 Donald McMahon: Thermophilic cultures for manufacture of low-fat 
and non-fat Mozzarella cheese. 
9:15 Jeff Broadbent: 
9:30 Jeff Broadbent: 
9:45 Bart Weimer: 
10:00 Break 
Influence of alternative starter cocci on the 
physical properties of low-fat Mozzarella cheese. 
Improvement of low-fat cheddar cheese through 
identification, isolation and analysis of enzymes 
and metabolites produced by adjunct cultures 
during accelerated Cheddar cheese flavor 
development. 
Improvement of low-fat cheddar cheese through 
identification, isolation and analysis of enzymes 
and metabolites produced by adjunct cultures 
during accelerated Cheddar cheese flavor 
development. 
• 
• 
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Annual Meeting 
August 23, 1996 
continued 
10:15 Bart Weimer: 
10:30 Lynn Ogden: 
Role of amino acids and carbohydrates in the 
production of volatile hydrophobic flavor 
compounds in low-fat Cheddar cheese by 
Brevibacterium linens 
Influence of increased milkfat interfacial area and 
surfactant proteins on the attributes and 
acceptability of fat-reduced Cheddar cheese. 
10:45 Charlotte Brennand: Suitability of low-fat Cheddar cheese as an 
ingredient in other foods 
11:00 Review of DMI research program 
12:00 Lunch 
1:30 Future of agricultural research in the Western region. 
OPERATIONAL ADVISORY COMMITTEE MEETING 
Welcome new OAC members 
Financial review 
Continuation of projects 
Other business 
